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Current State of Ballast Water Management
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Great Lakes Ballast Water Management Considerations

Managing ballast water movement into and within the Laurentian Great Lakes (Great Lakes) to prevent new introductions of ANS has become a priority for both the U.S. and Canada. Vessels entering the Great Lakes from overseas have the potential to deliver new species, while vessels that operate within the Great Lakes have the potential to spread organisms after introduction. Regulations established over the past two decades that require vessels entering the Great Lakes from outside the exclusive economic zone (EEZ)[footnoteRef:1] to exchange coastal ballast water with open-ocean ballast water,[footnoteRef:2] or to flush empty ballast tanks with open-ocean water, have slowed the rate of species introduction (Reid, 2012); however, new species such as the non-native zooplankton species Thermocyclops crassus have been identified in the Great Lakes and St. Lawrence Seaway as recently as 2016 (USEPA, 2016a). [1:  “Exclusive Economic Zone” (EEZ) means the area established by Presidential Proclamation Number 5030, dated March 10, 1983 (48 FR 10605) which extends from the base line of the territorial sea of the United States seaward 200 miles, and the equivalent zone of Canada (33 CFR §151.2025; USEPA, 2013).]  [2:  Ballast water exchange (BWE) is a process which physically removes organisms from ballast tanks by exchanging the ballast water uploaded near shore with saline, marine water to a final salinity of 30 ppt or greater. The change in salinity is expected to kill remaining freshwater organisms via osmotic shock. BWE must be conducted more than 200 nm from shore, in water depths greater than 2,000 m (Canadian Department of Justice, 2006).] 


To date, more than 180 ANS have been documented as successful invaders to the Great Lakes since 1840, giving the Lakes one of the highest rates of invasion for any freshwater ecosystem in the world (Ricciardi, 2006). Historically, ballast water discharges from commercial vessels are cited as the primary vectors for the introduction and spread of aquatic nuisance species (ANS) globally (Ricciardi, 2006; Ruiz et al., 2000). Depending on the location of ballast water intake, virtually all organisms in the water column, either swimming or disturbed from bottom sediments, can be taken into ships’ ballast tanks. Once an ANS has been introduced into the Great Lakes, it can then be transferred to other areas in the Great Lakes by inter-lake transfer (i.e., secondary spread).

The impacts to the Great Lakes from ballast mediated introductions of ANS have been devastating. Research suggests the annual cost to the Great Lakes region from ANS introduced by shipping may be upwards of $200 million (Lodge and Finnoff, 2008). The cost of removing zebra mussels from piping in power generation plants, public and private drinking water plants, industrial facilities, navigation lock and dam structures, and marinas has been tentatively estimated at over $1 billion since 1989, with some sources estimating costs as high as $5 billion (Transportation Research Board, 2008). Less tangible costs associated with invasions by ANS that limit the ability of the natural ecosystem to support fisheries and recreational activities are expected to increase these losses even further.

This section includes an overview of the Great Lakes system and the commercial vessels subject to the VGP that ply this waterway, a history of ANS invasion into the Great Lakes, a summary of Great Lakes specific ballast water regulations, and details on the ballast water management considerations for overseas and coastal vessels entering the Great Lakes including ballast water exchange (BWE) and treatment. Details regarding ballast water management options for Lakers[footnoteRef:3], including the effectiveness of the current best management practices (BMPs) and the potential for ballast water management system (BWMS) installation, are also discussed. [3:  “Laker” means Existing Bulk Carrier Vessels built before January 1, 2009, that operate exclusively in Lake Ontario, Lake Erie, Lake Huron (including Lake Saint Clair), Lake Michigan, Lake Superior, and the connecting channels (Saint Mary's River, Saint Clair River, Detroit River, Niagara River, and Saint Lawrence River to the Canadian border), including all other bodies of water within the drainage basin of such lakes and connecting channels; USEPA, 2013).] 


Great Lakes Shipping Industry and Ballast Water Discharges

The Great Lakes St. Lawrence Seaway system (SLSS) extends 2,340 miles from the Atlantic Ocean to Duluth, Minnesota and includes all five of the Great Lakes and their connecting channels.[footnoteRef:4]  Figure 12‑1 is a map showing the entire Great Lakes system. Ocean-going vessels enter the Great Lakes through the St. Lawrence River, which is the part of the St. Lawrence Seaway from Montreal to Lake Erie. The St. Lawrence Seaway is made up of two sections: [4: Canadian law and the Vessel General Permit define the eastern edge of the Great Lakes system by a rhumb line (arc crossing all meridians of longitude at the same angle) drawn from Cap de Rosiers to West Point, Anticosti Island, and west of a line along 63 W longitude from Anticosti Island to the north shore of the St. Lawrence River.] 


[bookmark: _Hlk479164368]The Montreal–Lake Ontario (MLO) section, located partially in Canadian waters and partially in international boundary waters, includes a series of seven locks (five Canadian, two U.S.) and connects Montreal, Quebec, and Lake Ontario. It enables ships to navigate the 190 miles between the lower St. Lawrence River (elevation 20 feet) and Lake Ontario (elevation 243 feet); and



The Welland Canal, located in Canadian waters, includes a series of eight locks (all Canadian) and connects Lake Ontario and Lake Erie (elevation 569 feet), a distance of 36 miles.



The seaway locks can accommodate vessels up to 740 feet long and up to 78 feet wide and loaded to a draft not exceeding 26 feet 6 inches. The Canadian and U.S. seaway corporations jointly operate and maintain the Great Lakes-SLSS and provide traffic control assistance to vessels using the waterway. The two organizations also undertake trade development functions aimed at enhancing use of the Great Lakes-SLSS (Transportation Research Board, 2008).

Ocean-going vessels known as seaway-sized transoceanic vessels or “Salties” comprise approximately 200 vessels flagged in more than 30 countries that travel from outside of the EEZ and through the St. Lawrence Seaway into the four upper Great Lakes (USEPA, 2015). Figure 12‑2 is a photograph of the Panamanian flagged Saltie Apollon that has made port in Duluth in western Lake Superior. Between 2010 and 2013, approximately 1,100 Salties arrived in the upper Great Lakes through the St. Lawrence Seaway (USEPA, 2015). Most of these vessels are bulk carriers, followed by general cargo ships and tankers. Exception for barges, Salties are by far the smallest commercial cargo vessels operating on the Great Lakes, with most vessels approximately 500 feet long. Salties generally follow a “steel in - grain out” trade pattern, whereby iron and steel and other high value cargos generally arrive from Europe, and are off-loaded in a series of lower lake ports (Cangelosi and Mays, 2006).
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[bookmark: _Ref482355337]Figure 12‑1. Great Lakes and St. Lawrence Seaway System
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[image: http://photos.marinetraffic.com/ais/showphoto.aspx?photoid=1470680]

Photo courtesy of Marine Traffic and available at: http://www.marinetraffic.com/en/photos/of/ships/shipid:410901/shipname:APOLLON/#forward

[bookmark: _Ref478385996]Figure 12‑2. Photograph of the Panamanian Flagged Bulk Carrier Apollon in Rotterdam

The second fleet of vessels that operate on the Great Lakes are the domestic flagged U.S. and Canadian Lakers. Most of the U.S. flagged Lakers are too large to transit through the Welland Canal and the locks on the SLSS and therefore operate exclusively within waters of the four upper Great Lakes. Of the 57 U.S. flagged Lakers operating on the Great Lakes, 32 would be small enough to fit through the Welland Canal, while 81 of the 84 Canadian Lakers are small enough to pass through the Welland Canal and locks on the SLSS (LCA, 2016a). The three Canadian Lakers that cannot pass through the Welland Canal and SLSS locks operate within the eastern portions of the SLSS and the Canadian coastal areas inside the EEZ (CMC, 2017). Figure 12‑3 is a photograph of the largest U.S. Laker Paul R. Tregurtha owned by Interlake Steamship Company, and Figure 12‑4 is a photograph of the Canadian Laker Algoma Enterprise owned by Algoma Central Corporation.

[image: http://www.boatnerd.com/news/newsthumbsb/images-10-3/4-PRTregurtha-7-25-10-GB.jpg]

Photograph courtesy of Boat Nerd available at http://www.boatnerd.com/pictures/fleet/prtrgrth.htm.

[bookmark: _Ref478459274]Figure 12‑3. Photograph of the 1,013-foot U.S. Flagged Laker Paul R. Tregurtha in the St. Mary’s River



[image: http://photos.marinetraffic.com/ais/showphoto.aspx?photoid=2173048]

Photograph courtesy of Marine Traffic available at: http://www.marinetraffic.com/en/photos/of/ships/shipid:379962/shipname:ALGOMA%20ENTERPRISE/#forward.

[bookmark: _Ref478459287]Figure 12‑4. Photograph of the 730-foot Canadian Flagged Laker Algoma Enterprise in the Welland Canal

Those U.S. flagged Lakers that are small enough to transit the locks on the St. Lawrence Seaway are not designed to operate in brackish or saltwater and therefore do not venture east of Quebec City on the St. Lawrence Seaway. Canadian Lakers, on the other hand, are generally smaller than U.S. Lakers and their hulls and ballast tanks have corrosion protection that allow these vessels to transit through the locks on the St. Lawrence Seaway to Canadian coastal ports and even to overseas ports. Table 12‑1 compares the U.S. Lakers, Canadian Lakers, and Salties typically operating on the Great Lakes-SLSS. Note that the data presented in Table 12‑1 are a representation and vary from year to year based on U.S., Canadian and European economics.

		[bookmark: _Ref478457804]Table 12‑1. Characteristics of Great Lakes-SLSS Vessels



		

		U.S.-
Flagged Lakersa

		Canadian-
Flagged Lakersb

		Overseas-
Flagged Saltiesc



		Number of Vessels in Fleet

		57

		84

		193 



		Length (Average)

		222 meters

		182 meters

		155 meters



		Beam (Average)

		24 meters

		22 meters 

		21 meterse



		Cargo Capacity (Average)

		39,120 MT

		27,650 MTf

		NA



		Ballast Capacity (Average)

		25,616 m3

		12,208 m3

		9,245 m3



		Ballast Pump Rate

		227 – 18,123 m3/hr

		360 – 5,678 m3/hr

		1,000 – 2,000 m3/hre



		Primary Cargos

		Iron ore, coal, limestonee

		Iron ore, coal, limestonee

		Steel products, graine



		Primary Trade Pattern

		Upper four Great Lakes

		Great Lakes, St. Lawrence Seaway, Eastern Atlantic Coast of Canada

		Great Lakes, St. Lawrence Seaway, Overseas





MT: Metric tons

NA: Not available

a - Source: Lake Carrier Association, 2016a. Total number of vessels carrying ballast water, including articulated tug-barges. Does not include tug boats since these vessels do not typically discharge ballast water. Does not include barges A-410 or 397 because they do not carry ballast water.

b - Source: Canadian Chamber of Marine Commerce, 2017. Tug boats and one research vessel excluded since these vessels do not typically generate ballast water discharges.

c - Source: USEPA, 2015. Average number of individual vessels entering the Great Lakes from 2010-2013.

e - Cangelosi and Mays, 2006.

f – Cargo capacity from LeLievre, 2014. Capacities do not include vessels owned by Groupe Desgagnés.



The Great Lakes include more than 125 commercial ports, all of which are freshwater ports. The St. Lawrence Seaway includes 15 additional commercial ports that are considered brackish or marine east of Quebec City. There are 12 major U.S. ports on the Great Lakes (Burns Harbor, Chicago, Cleveland, Detroit, Duluth, Erie, Green Bay, Milwaukee, Monroe, Oswego, Superior, and Toledo), and five major Canadian ports (Hamilton, Oshawa, Thunder Bay, Toronto, and Windsor). Figure 12‑5 is a map of the Great Lakes port system from Montreal westward with the major U.S. ports highlighted in red and the major Canadian ports highlighted in yellow.

[image: ]

Source: NBIC, 2016.

[bookmark: _Ref460584843][bookmark: _Toc460534520][bookmark: _Toc461175217]Figure 12‑5. Great Lakes Ports West of and Including Montreal

Port infrastructure varies depending on the types of cargos they process and their roles as receiving and/or loading ports. A port is considered a receiving port if the shippers/receivers of most of majority of cargos are located within a 75-mile radius. In the Great Lakes region, ports like Detroit, Cleveland, and Burns Harbor that receive steel and steel products from overseas for steel making, refinement, and manufacturing are generally considered receiving ports.

Ports are considered loading ports when the shippers/receivers of most of the goods passing through are outside a 75-mile radius. In the Great Lakes, loading ports are generally associated with grain movement. For example, Duluth, Milwaukee, and Thunder Bay are loading ports that transfer grain from trains to bulk cargo vessels for transportation outside the U.S. and Canada (Cangelosi and Mays, 2006). Figure 12‑6 shows the generalized trade pattern of overseas-flagged transoceanic vessels transporting steel in and grain out of the Great Lakes-SLS system.

[image: ]

Source: Cangelosi and Mays, 2006.

[bookmark: _Ref324738353][bookmark: _Toc346185383]Figure 12‑6. Generalized Trade Pattern of Overseas-Flagged Transoceanic Vessels in the Great Lakes-SLS System

Between 2010 and 2013, approximately 1,081,000 metric tons (285,601,000 gallons) of ballast water were discharged into the Great Lakes from vessels whose original source of ballast water came from outside the Great Lakes (USEPA, 2015). Figure 12‑7 is a map of the Great Lakes showing the cumulative volume of ballast water discharged (in MT) at each U.S. and Canadian port by overseas vessels during the four-year period. The large volume of ballast water discharged into Duluth-Superior and Thunder Bay, Ontario (Canada) is indicative of the high number of bulkers entering these ports to load grain and iron ore before returning overseas.

[image: \\cha\PROJECTS\OCPD\1-10 VGP\2014 Ballast Water\Lakers Memo\QA files\Maps\BallastWater_v2.png]

Source: USEPA, 2015.

[bookmark: _Ref478459350]Figure 12‑7. Cumulative Volume of Ballast Water Discharged (in MT) from Vessel Voyages Originating in Overseas Ports from 2010 to 2013

From 2010 through 2013, vessels loaded with ballast water in Ghent, Belgium discharged the greatest amount of ballast water into the Great Lakes. However, the source ports with the highest volume of ballast water discharged varies from year to year, including Rotterdam (Netherlands), Borg Havn IKS (Norway), Ghent (Belgium), and Jiangyin (China) respectively in 2010, 2011, 2012, and 2013. Figure 12‑8 is a bar graph showing the top 12 overseas ports where ballast water was loaded and then discharged into the Great Lakes from 2010 through 2013.

[image: ]

Source: USEPA, 2015.

[bookmark: _Ref381202293][bookmark: _Toc429573907]Figure 12‑8. Bar Graph Showing Top 12 Overseas Ports where Ballast Water was Loaded and Discharged into the Great Lakes from 2010 through 2013

Although Salties discharge approximately 1 million metric tons of ballast water into the Great Lakes between 2010 and 2013, (USEPA, 2015), this volume pales in comparison to the 205 million metric tons discharged by U.S and Canadian Lakers operating on the Great Lakes between 2011 and 2014. Approximately 83 percent of the 205 million metric tons was discharged by U.S-flagged Lakers operating in the upper Great Lakes. Table 12‑2 shows the volume of ballast water discharged by domestic vessels operating on the Great Lakes between 2011 and 2014 (USEPA, 2016).[footnoteRef:5] [5:  Data from NBIC and does not include ballast water discharge information available from Transport Canada. ] 


		[bookmark: _Ref478386846][bookmark: _Toc460534469][bookmark: _Toc460681950]Table 12‑2. Volume of Ballast Water Discharged by Domestic Vessels by Vessel Type



		Type

		2011 (MT)

		2012 (MT)

		2013 (MT)

		2014 (MT)

		Total (MT)



		Bulker

		47,287,471

		47,074,873

		45,057,861

		45,912,525

		185,332,730



		General Cargo

		39,317

		39,112

		23,468

		61,468

		163,365



		Tanker

		207,603

		164,146

		123,567

		122,390

		617,706



		Other

		4,669,403

		4,618,082

		5,090,671

		4,722,191

		19,100,347



			Total

		52,203,794

		51,896,213

		50,295,567

		50,818,574

		205,214,148





Source: USEPA, 2016.

MT: Metric Ton



Ballast water movement within the Great Lakes by domestic vessels such as Lakers is generally one-directional. Products such as iron ore, chemicals, and fuel are loaded onto vessels at a few ports on the Great Lakes and then delivered to the end users such as steel mills and bulk liquid terminals located at other Great Lakes ports. Ballast water is loaded at the ports where products are delivered to provide vessel stability for the return voyage. Once the vessel reaches the product loading port, the ballast water is discharged and the vessel is reloaded with product and sails back to the end users.

On the Great Lakes, southern Lake Michigan ports at Gary, Indiana Harbor and Burns Harbor are the top Laker ballast water loading ports due to the abundance of steel mills. The primary Laker ballast water discharge ports on the Great Lakes are Duluth and Two Harbors, Minnesota and Superior, Wisconsin where iron ore is loaded onto Lakers. Figure 12‑9 shows the top 25 Great Lakes ballast water load and discharge port combinations developed from National Ballast Information Clearinghouse (NBIC) data for USEPA’s report titled Transfer of Aquatic Nuisance Species Within the Great Lakes (USEPA, 2016). The arrows on the figure show the direction of ballast water transport. The data indicate that most ballast water is moved from the southern industrial ports on the Great Lakes to the northern ports on Lake Superior where iron ore is mined.

[bookmark: _Ref460586273][bookmark: _Toc460534523][bookmark: _Toc461175220][image: Transect-070616]

Source: USEPA, 2016.

[bookmark: _Ref478459388]Figure 12‑9. Top 25 Great Lakes Port Pairs by Ballast Water Transfer Volume (MT)

Ballast Mediated ANS in the Great Lakes

During the early years of European colonization of the Great Lakes, Niagara Falls served as a barrier to the dispersal of many ANS which had been introduced into Lake Ontario. However, in 1829 the Welland Canal was built to provide a path for small ships to voyage around Niagara Falls into Lake Erie from Lake Ontario. Later, in the mid-1800s, the first St. Lawrence River canal system was completed which allowed small ocean-going vessels to sail upstream from Quebec into Lake Ontario.

Since the opening of the Welland Canal between Lake Ontario and Lake Erie, the number of reported ANS established in the Great Lakes has increased substantially with current estimates of approximately 182 species of nonnative algae, fish, invertebrates, and plants (Ricciardi, 2006). During the period of human-mediated biological invasions, several transitions have occurred with respect to both the types of ANS that have established and the mechanisms by which they entered the Great Lakes. Fish and plants were the most common invaders before the 20th century, with most introductions resulting from human releases (Mills et al., 1994). Algae and invertebrates became more common ANS in the Great Lakes after transoceanic shipping converted to use of liquid ballast around 1900. Figure 12‑10 shows the number of species identified over various time periods beginning with the start of European colonization through 2003 (O’Neill, 2004). This bar chart shows that the largest increase in ANS identified in the Great Lakes was a period from 1960 through 2003 that corresponds to the opening of the St. Lawrence Seaway allowing ocean going vessels to access the upper Great Lakes.



Source: O’Neill, 2004.

[bookmark: _Ref478459409]Figure 12‑10. Historical Timeline of Great Lakes Invasive Species

Holeck et al. (2004) and Grigorovich et al. (2003) estimate that ballast water release from ocean vessels is the primary vector for 70 percent of all invasions into the Great Lakes recorded since opening of the St. Lawrence Seaway in 1959. Identifying and reducing invasion threats has become a top management priority in the Great Lakes (Pagnucco et al., 2015). Figure 12‑11 shows that the cumulative rate of ship-mediated ANS introductions into the Great Lakes after opening of the St. Lawrence Seaway is nearly linear, even after BWE requirements were implemented in the early 1990s (Ricciardi, 2006). Further investigation regarding why BWE was not effective at curbing ANS introductions into the Great Lakes found that a large percentage of overseas vessels declare no ballast on board (NOBOB) (21 percent of vessels between 2010 and 2013; USEPA, 2015), and these vessels were exempt from BWE. Although not carrying ballast water, NOBOB vessels can have small amounts of residual, non-pumpable ballast water and sediments in ballast tanks which can harbor living organisms. When these NOBOB overseas vessels off-loaded inbound cargo at U.S. or Canadian ports on the Great Lakes, they take on Great Lakes ballast water to provide vessel stability while voyaging to another Great Lakes port. This Great Lakes ballast water then mixes with the residual ballast water and sediments in the tanks and is discharged at the second Great Lakes port where outbound cargo is loaded. This procedure allowed ANS present in residual ballast water and sediments on NOBOB vessels to invade the Great Lakes (Duggan et al., 2005). Voluntary BMPs (i.e., BWE or flushing) for NOBOB vessels were implemented in 2005, followed by mandatory requirements in 2006.



Source: Ricciardi, 2006.

[bookmark: _Ref478459419]Figure 12‑11. Cumulative Number of ANS Invading the Great Lakes Since Opening of the St. Lawrence Seaway

Ricciardi (2006) also found that the classes of organisms entering the Great Lakes changed after opening of the St. Lawrence Seaway. Before the St. Lawrence Seaway opened to vessel traffic, ANS entering the Great Lakes were primarily plants; however, after the St. Lawrence Seaway was opened, crustaceans, aquatic invertebrates and algae became the predominant ANS entering the Great Lakes. Specific species entering the Great Lakes changed again following the requirement for vessels to conduct BWE. Ricciardi (2006) found that ANS attributed to shipping after the BWE requirements were put in place in 1993 changed to euryhaline organisms[footnoteRef:6] with benthic adult and juvenile life stages. For example, prior to 1993, only 10 percent of the ballast-mediated ANS were Ponto-Caspian in origin (the region around Turkey and Ukraine that includes the Black, Azov, and Caspian seas). However, after 1993 nearly 70 percent of the ANS identified in the Great Lakes were Ponto-Caspian. [6:  Euryhaline organisms can adapt to a wide range of salinities. Euryhaline organisms are commonly found in habitats such as estuaries and tide pools where the salinity changes regularly. However, some organisms are euryhaline because their life cycle involves migration between freshwater and marine environments, as is the case with salmon and eels.] 


Grigorovich, et. al. (2003) found that the majority of ANS established in the Great Lakes since opening of the St. Lawrence Seaway were a result of shipping and boating activities; other mechanisms of including bait and aquarium releases, canal development, and unintentional stocking also contributed to ANS establishment in the Great Lakes. Figure 12‑12 shows the various taxonomic diversity of 43 organisms that entered the Great Lakes from 1959 to 2003 and the expected mechanism of entry (Grigorovich, 2003). Grigorovich (2003) found that of the 43 organisms studied, 31 (72 percent) had entered the Great Lakes by shipping and boating.



[bookmark: _Ref478459437]Source: Grigorovich, 2003.

[bookmark: _Ref479925260]Figure 12‑12. Taxonomic Diversity of ANS Entering the Great Lakes Since Opening of the St. Lawrence Seaway by Release Mechanism

Analysis of NOAA’s Great Lakes Aquatic Nonindigenous Species Information System (GLANSIS) database shows that since opening of the St. Lawrence Seaway in 1959, 50 ANS have either been reported or are established in the Great Lakes as a result of shipping activities (NOAA, 2017b). Table 12‑3 lists these ANS including their group, scientific name, common name, continent of origin, the year first discovered, and the current status of the organism. Figure 12‑13 is a bar chart of the same data, showing the total numbers of ANS by group. The most recent ANS to establish in the Great Lakes as a result of shipping include bloody red shrimp (2006), white perch (2002), and testate amoeba (2002). Research conducted by MacIsaac et al. (2015) suggests only one high risk fish species, the Big-Scale Sand Smelt (Atherina boyeri), still has a high risk of introduction in the Great Lakes because of its high salinity tolerance, which may allow it to survive BWE or flushing.

		[bookmark: _Ref478457863]Table 12‑3. ANS Established in the Great Lakes Resulting from the Shipping Pathway (including 1959 to Present)a



		Group

		Scientific Name

		Common Name

		Continent of Origin

		Year First Collected

		Statusb



		Algae

		Chaetoceros muelleri

		diatom

		Unknown

		1978

		established



		Algae

		Chroodactylon ornatum

		red alga

		North America

		1964

		established



		Algae

		Contricribra guillardii

		diatom

		Europe

		1973

		established



		Algae

		Cyclotella atomus

		diatom

		Unknown

		1964

		established



		Algae

		Cyclotella cryptica

		diatom

		Unknown

		1964

		established



		Algae

		Discostella woltereckii

		Diatom

		Unknown

		1964

		established



		Algae

		Hymenomonas roseola

		coccolithophorid

		Europe

		1975

		established



		Algae

		Pleurosira laevis

		diatom

		Europe and Africa

		1978

		established



		Algae

		Skeletonema potamos

		diatom

		Unknown

		1963

		established



		Algae

		Skeletonema subsalsum

		Diatom

		Eurasia

		1973

		established



		Algae

		Sphacelaria lacustris

		brown alga

		Unknown

		1975

		established



		Algae

		Thalassiosira baltica

		Diatom

		Eurasia

		1988

		established



		Algae

		Thalassiosira lacustris

		diatom

		Unknown

		1978

		established



		Algae

		Thalassiosira pseudonana

		diatom

		Unknown

		1973

		established



		Algae

		Thalassiosira weissflogii

		diatom

		Unknown

		1962

		established



		Annelids-Oligochaetes

		Potamothrix vejdovskyi

		a tubificid worm

		Eurasia

		1965

		established



		Annelids-Oligochaetes

		Ripistes parasita

		an oligochaete

		Eurasia

		1984

		established



		Crustaceans-Amphipods

		Echinogammarus ischnus

		scud

		Europe

		1994

		collected, established



		Crustaceans-Amphipods

		Gammarus tigrinus

		amphipod

		North America

		1999

		established



		Crustaceans-Cladocerans

		Bosmina coregoni

		water flea

		Europe

		1966

		established



		Crustaceans-Cladocerans

		Bythotrephes longimanus

		spiny waterflea

		Europe

		1982

		unknown, established



		Crustaceans-Cladocerans

		Cercopagis pengoi

		fishhook waterflea

		Asia

		1998

		collected, established



		Crustaceans-Cladocerans

		Daphnia galeata

		waterflea

		Eurasia

		1980

		established



		Crustaceans-Cladocerans

		Eubosmina maritima

		a cladoceran

		Eurasia

		1988

		established



		Crustaceans-Copepods

		Heteropsyllus nr. nunni

		harpacticoid copepod

		Unknown

		1996

		established



		Crustaceans-Copepods

		Nitokra hibernica

		a harpacticoid copepod

		Eurasia

		1998

		established



		Crustaceans-Copepods

		Schizopera borutzkyi

		oarsman

		Europe

		1998

		established



		Crustaceans-Copepods

		Skistodiaptomus pallidus

		calanoid copepod

		North America

		1974

		established



		Crustaceans-Crayfish

		Orconectes rusticus

		rusty crayfish

		North America

		1995

		collected, unknown, established



		Crustaceans-Mysids

		Hemimysis anomala

		bloody red shrimp

		Eurasia

		2006

		collected, established, unknown



		Fishes

		Apeltes quadracus

		Fourspine Stickleback

		North America

		1986

		established



		Fishes

		Gasterosteus aculeatus

		Threespine Stickleback

		North America

		1982

		collected, established, unknown



		Fishes

		Gymnocephalus cernua

		Ruffe

		Eurasia

		1991

		unknown, established



		Fishes

		Morone americana

		White Perch

		North America

		2002

		collected, established, unknown



		Fishes

		Neogobius melanostomus

		Round Goby

		Eurasia

		1993

		unknown, established



		Fishes

		Proterorhinus semilunaris

		Freshwater Tubenose Goby

		Eurasia

		1997

		established, unknown



		Mollusks-Bivalves

		Dreissena polymorpha

		zebra mussel

		Eurasia

		1986

		collected, unknown, established, extirpated



		Mollusks-Bivalves

		Dreissena rostriformis bugensis

		quagga mussel

		Eurasia

		1989

		established, unknown



		Mollusks-Bivalves

		Pisidium supinum

		humpbacked peaclam

		Eurasia

		1959

		established



		Mollusks-Gastropods

		Potamopyrgus antipodarum

		New Zealand mudsnail

		Eurasia

		1991

		established, unknown



		Plants

		Nitellopsis obtusa

		starry stonewort

		Eurasia

		1981

		established



		Platyhelminthes

		Dactylogyrus amphibothrium

		a monogenetic fluke

		Eurasia

		1992

		established



		Platyhelminthes

		Dactylogyrus hemiamphibothrium

		a monogenetic fluke

		Eurasia

		1992

		established



		Platyhelminthes

		Dugesia polychroa

		a flatworm

		Europe

		1968

		established



		Platyhelminthes

		Ichthyocotylurus pileatus

		a digenean fluke

		Eurasia

		1992

		established



		Platyhelminthes

		Timoniella sp.

		a digenean fluke, trematode

		

		1992

		established



		Protozoans

		Acineta nitocrae

		a suctorian ciliate

		Eurasia

		1997

		established



		Protozoans

		Psammonobiotus communis

		testate amoeba

		Eurasia

		2002

		established



		Protozoans

		Psammonobiotus dziwnowi

		testate amoeba

		Eurasia

		2002

		established



		Protozoans

		Psammonobiotus linearis

		testate amoeba

		Eurasia

		2002

		established





Source: NOAA Great Lakes Aquatic Nonindigenous Species Information System (GLANSIS), 2017b.

a - Does not include organisms found in Great Lakes surrounding drainages.

b - To be considered established, must be multiple discoveries of all life stages (adult and juvenile) for 2 years.



It is important to note that NOAA’s GLANSIS indicates zebra mussels have been extirpated in the Great Lakes. Although it is unlikely zebra mussels have disappeared from all areas of the Great Lakes, their numbers have decreased significantly since the introduction of quagga mussels which are now the dominant species. Quagga mussels outcompete zebra mussels, are more tolerant of colder water temperatures and can colonize to greater depths. For example, in Lake Michigan, zebra mussels made up 98.3% of mussels in 2000, but by 2005 quagga mussels represented 97.7% of collected mussels. Zebra mussels were found at densities of around 899 per square meter in 2005, but quagga mussels now dominate at 7,790 mussels per square meter (Hoddle, 2011). Quagga mussels have also been found at depths of up to 540 feet in Lake Michigan where they filter feed year-round.



Source: NOAA, 2017b.

[bookmark: _Ref478459463]Figure 12‑13. ANS Established or Reported in the Great Lakes Attributed to Shipping from 1959 to Present

In 2016, USEPA’s Great Lakes National Program Office (GLNPO) working with Cornell University confirmed the presence of a new non-native invertebrate zooplankton species in the western basin of Lake Erie. Cornell researchers identified the new zooplankton species as Thermocyclops crassus from samples collected from 2014 through 2016 (USEPA, 2016a) in western Lake Erie. According to NOAA, the organism is established in the Great Lakes at this time, but has not been included in their current listing of ANS because it was discovered after publication of the list. The organism will likely be added to the list during the next update (NOAA, 2017c). Thermocyclops crassus is established throughout Eastern Europe, Asia, Africa and Australia where it lives in warm waters that are rich in nutrients. A study of transoceanic ships entering the Great Lakes in 2001 through 2002 -- before the current standards that require flushing of empty ballast tanks went into effect -- found one Thermocyclops crassus in the sediment of a ballast water tank on one ship (USEPA, 2016a). Although the presence of this organism in western Lake Erie cannot be definitively traced to shipping, GLNPO is continuing to evaluate its potential source, spread, and impacts.

The shipping industry, and most notably the Lake Carrier Association, have stated publicly that no new ANS invasions into the Great Lakes have occurred since 2006 (LCA, 2017a), indicating current regulations to conduct BWE and flush empty ballast tanks with saltwater are effective. However, the 2016 discovery of Thermocyclops crassus indicates there maybe others that are yet to be discovered. Identifying new invasions requires continuous and robust sampling of large areas within Great Lakes, and some organisms may not be detected until a sizeable population is established and disperses to locations where monitoring is occurring. Reid (2012) gave the example of viral hemorrhagic septicemia (VHS), which was first identified in Great Lakes fish collected from the Bay of Quinte, Lake Ontario, Canada in 2005, but subsequent examination of archived samples suggest VHS was present since at least 1999. Reid (2012) warned that although the discovery rate of ANS decreased when ballast water regulations were implemented for vessels declaring NOBOB, this may be coincidental and that the length of time a newly discovered organism has actually been in an ecosystem is often not known.

Based on a review of ballast loading and discharge patterns, Rup et al. (2010) concluded that Lakers are a vector for primary introduction of ANS into Great Lakes ports by moving ballast water sourced from ports on the St. Lawrence River to the Great Lakes, if the ports on the St. Lawrence River are locations where ANS from overseas are first introduced and established (i.e., stepping-stone effect). Rup et al. (2010) further noted that although less than one percent of all Laker ballast transfers introduce water from the St. Lawrence River into the Great Lakes, the absolute volume is roughly equivalent to the volume discharged by overseas and coastal vessels combined, and therefore the potential propagule pressure[footnoteRef:7] is not inconsequential. [7:  Propagule pressure is a composite measure of the number of individuals of a species released into a region to which they are not native. ] 


Briski et al. (2012) also indicates that domestic shipping with the Great Lakes is an important vector for movement of organisms between regions. Briski et al. (2012) found 89 different taxa in domestic ballast water and 31 of these had a restricted distribution. Although most of the organisms identified were already present in all the Great Lakes, they did find two organisms, Cercopagis pengoi (fishhook water flea) and Nitokra hibernica (a harpacticoid copepod) that were not yet established in Lake Superior in ballast water bound for Lake Superior. Briski et al. (2012) found 23 native species being moved to new locations outside their typical range, potentially resulting in new populations establishing in Lakes Superior, Huron and Erie. Briski et al. (2012) also pointed to the concern that mixing populations from different locations within the Great Lakes could create an opportunity for new genetic recombination within a species that could create a new population that has unforeseen negative impacts on the ecosystem.

Because of concerns like these, USEPA compiled published data and literature information into a single report in 2016 (USEPA, 2016) regarding the transfer of ANS within the Great Lakes. The report modeled the relative risk of inter-lake transfer of ANS within the Great Lakes for the ballast water vector applied to commercial vessels including a semi-quantitative analysis of environmental similarity between ports and a select number of ANS identified as potentially posing a risk to the Great Lakes. EPA implemented a qualitative approach for the other vectors including hull fouling of commercial vessels, recreational vessels and commercial fishing vessels by conducting literature reviews and contacting experts in the field. With regard to ballast water movement by commercial vessels, the findings from this report concluded:

Domestic commercial vessels move a substantial amount of water around the Great Lakes, resulting in this vessel category being identified as a primary focus of management decisions. More than 50 million metric tons of ballast water are moved throughout the Great Lakes annually by commercial vessels, and the majority is moved by U.S. flagged Lakers[footnoteRef:8]. In one study (Casas-Monroy et al., 2014), ANS levels in Laker ballast water were found to be greater than 1,300 individual organisms (zooplankton) per cubic meter[footnoteRef:9]. At these volumes and concentrations, Lakers could be spreading more than 65 billion individual organisms annually throughout the Great Lakes. [8:  Ballast water discharge information from NBIC only and does not include Transport Canada data.]  [9:  Median concentration (N = 87) of non-indigenous zooplankton reported in Laker ballast water is 1,320 individual organisms per cubic meter. Table 5, Casas-Monroy et al. (2014).] 




The majority of ballast water is moved by Lakers is from southern ports such as Gary, Indiana Harbor, Burns Harbor and Cleveland, to northern ports such as Duluth-Superior and Two Harbors. This suggests that the major risk regarding inter-lake transfer of ANS lies in transferring existing ANS, or those that have not yet entered, from southern ports to northern ports. As there are many river tributary systems that feed into southern Lake Michigan, such as the Chicago Area Waterways System, that also struggle with invasions from problematic ANS, this area may serve as a ‘hotbed’ for species transmission.



A number of the top 25 ballast water uptake ports for Lakers receive ballast water from overseas, providing a possible stepping stone for ANS that have yet to enter the lakes. While current regulations have proven effective in slowing the rate of introduction of ANS into the Great Lakes from overseas ports, coastal Canadian vessels are exempt and BWE is not 100 percent effective, allowing the risk of this stepping stone to exist.



The narrow range in water temperatures between ports in the Great Lakes suggests that many ANS with wide environmental tolerances may not be limited by this factor in their future spread or introduction.



While a number of ANS that have already invaded the Great Lakes may have reached their maximum geographic range (e.g., zebra mussel) based on surface water temperatures, it appears that others are still at risk of spreading to areas thought to have yet become invaded, and ballast water movements appear to be a vector for these species.



For those ANS that have yet to enter the Great Lakes, it appears that once they enter, ballast water transfer could initiate a swift spread of the species to ports throughout the Great Lakes, specifically from southern ports to northern ports. For example, examining the water temperature tolerances within the Great Lakes region, it appears bloody red shrimp would be largely unlimited in their spread.



Although EPA used ballast water volume to estimate the relative risk of introduction in this report, EPA acknowledged this is an imperfect method to assess risk, as propagule pressure associated with the ballast water of any specific vessel is likely more closely related to other factors (e.g., age of ballast water and management practices), rather than total volume (Bailey et al. 2012), but those data were not available on a ship by ship basis. Moreover, research confirms the importance of other factors effecting ballast water transfer, such as the intensity of a given invasion or the location of the source port. Sieracki et al. (2014) demonstrated that the most important determining factor for the likelihood of spread of any individual organism into a specific port is the uptake port itself. The distance between the two ports in question, combined with the intensity of the uptake port’s invasion, dictate the ability of the species to become successfully established in the discharge port (Sieracki et al., 2014).

12.3	History of Great Lakes Ballast Water Regulations

Both the U.S. and Canada have implemented various ballast water regulations beginning in the late 1980’s to help protect the Great Lakes from ship-mediated invasions by ANS. Currently, USEPA, USCG, and Transport Canada (TC) regulations (USEPA, 2013; USCG, 2012; and TC, 2001) require all vessels entering waters under Canadian and U.S. jurisdiction from outside the EEZ to conduct and report BWE and salt water flushing of empty ballast tanks before entering the SLSS. Recent developments, including ratification of the IMO Convention (IMO, 2004), which will come into force in September 2017, and the first BWMS to receive USCG type approval in December 2016, will begin to phase out BWE and flushing in favor of ballast water treatment using a commercially available BWMS to achieve the IMO D2 and USCG/EPA numeric discharge standards. The following synopsis provides a historical perspective of the ballast water regulations that began in the late 1980’s up to ratification of the IMO D2 standard, including EPA’s and USCG’s adoption of those standards into their ballast water regulations, to protect the Great Lakes and all U.S. waters from further invasion by ANS.

1989

The discovery of Ruffe in Lake Superior caused concern for International Joint Commission and the Great Lakes Fishery Commission that resulted in Canada establishing guidelines requesting all vessels entering the freshwaters of the St. Lawrence River and the Great Lakes to exchange their ballast. The use of BWE was based on the effectiveness of Canadian studies undertaken by Environment Canada to protect the aquaculture facilities in the Magdalen Islands (GLS BWWG, 2015).

Early 1990s to 1997

In 1993, USCG established regulations based on the Canadian Guideline under the authority of the Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (NANPCA). The USCG started testing the salinity of ballast water on vessels that declare they have ballast on board on a voluntary basis in 1991 and on a mandatory basis in 1993. The inspection process included examining vessels between the two U.S. locks in Massena (Eisenhower and Snell) to verify ballast water exchange was conducted. Ballast water with a salinity of at least 30 ppt is considered evidence that the tanks have been adequately exchanged with seawater, providing a salinity barrier for any remaining freshwater organisms (GLS BWWG, 2015).

1997 to Present

The USCG, TC and the Seaway Corporations developed a joint inspection program called the “Enhanced Seaway Inspection” (ESI) for foreign flag vessels, which covered applicable safety and environmental equipment onboard vessels and is conducted prior to the vessel’s initial transit of the Great Lakes Seaway system. During the vessel’s ESI, one or more of the member agencies conducts a ballast tank inspection to ensure compliance with U.S., Canadian, and Seaway ballast regulations. The vessel’s ballast tanks are sampled and tested for salinity to verify compliance with the ballast water exchange requirements (GLS BWWG, 2015).

2000 St. Lawrence Seaway Requirement

The U.S. and Canadian Seaways instituted a requirement that all foreign flag vessels entering the Great Lakes Seaway system comply with the Best Management Practices of the Shipping Federation of Canada (SFC). In addition, vessels that do not operate beyond the EEZ, but do operate within the Great Lakes and Seaway (i.e., Lakers), must agree to comply with the Code of Best Practices for Ballast Water Management. These voluntary management practices require vessels to agree to regular inspections of ballast tanks and regular removal of sediment (SFC, 2000).

2004 USCG National Mandatory Ballast Management Requirements

USCG rule required all vessels equipped with ballast water tanks and bound for U.S. ports to conduct a mid-ocean BWE, retain their ballast water onboard, or use an alternative environmentally sound ballast water management method approved by the USCG. Penalties for failure to comply with the reporting requirements located in 33 CFR part 151, and the applicability of the reporting and recordkeeping requirements, were broadened to include a majority of vessels bound for ports or places of the U.S. (GLS BWWG, 2015).

2005 USCG NOBOB BMPs

A study published by Reid et al. (2005) identified the risk of NOBOB vessels for introducing ANS. In August 2005, the USCG issued its “NOBOB Best Management Practices” policy that recommends vessels conduct mid-ocean BWE and mid-ocean salt water flushing of NOBOB tanks whenever possible. The goal is to raise the salinity level of residual, non-pumpable ballast and sediment remaining in ballast tanks above 30 ppt. The increase in salinity reduces the likelihood of introducing ANS to the Great Lakes when the tanks are ballasted with Great Lakes fresh water at one port and then discharged in another Great Lakes port when cargo is loaded.

2006 Canadian Regulations

Transport Canada promulgated the Ballast Water Control and Management Regulations under the Canada Shipping Act. The regulations enact the IMO D1 requirements for BWE for any vessel entering waters under Canadian jurisdiction from outside Canada’s EEZ and include both transoceanic and coastal voyages. Additionally, vessels coming from outside waters under Canadian jurisdiction declaring NOBOB must ensure that the residual ballast water in tanks has been exposed to salinity conditions equivalent to BWE by complying with one of the following options:

The residual ballast water came from ballast water that was properly exchanged at sea;



The residual ballast water meets the international standard for treated ballast water;



The vessel complies with sections 1, 2, 6 and 7 of the Code of Best Practices for Ballast Water Management of the Shipping Federation of Canada, or;



The vessel conducted a saltwater flushing at least 200 nm from shore.



2006 Ballast Water Working Group

The GLS BWWG was formed in January 2006. The mission of the GLS BWWG is to harmonize ballast water management efforts between the USCG, TC Marine Safety & Security, Saint Lawrence Seaway Development Corporation, and the St. Lawrence Seaway Management Corporation. The GLS BWWG coordinates enforcement and compliance efforts for reducing ANS invasions via ballast water and residuals in the Seaway and Great Lakes (GLS BWWG, 2015).

2008 St. Lawrence Seaway NOBOB Requirement

The U.S. and Canadian St. Lawrence Seaway agencies enacted new requirements effective at the start of the 2008 Navigation Season that requires NOBOB vessels to conduct saltwater flushing of their ballast tanks in an area 200 nm from any shore before entering waters of the Seaway. Vessels must also maintain the ability to measure salinity levels in each tank onboard so that final salinities of at least 30 ppt can be ensured.

2009 USCG Proposed Ballast Water Discharge Standard Rulemaking

The USCG’s 2009 Notice of Proposed Ballast Water Discharge Standard Rulemaking proposed a two-phase standard for the allowable concentration of living organisms in vessels’ ballast water discharged in U.S. waters. The first phase included numeric standards equivalent to the IMO D2 standards and the second phase would make the standard 100 or 1,000 times more stringent than the IMO D2 standard. Prior to implementing the second phase, USCG would assess its practicability and gather additional data on technologies available to meet the phase-two standards for various vessel types, and develop an economic and environmental analysis to support the phase-two standard (USCG, 2012).

2010 Canada Ratifies the Ballast Water Management Convention

At the 60th meeting of IMO’s Marine Environmental Protection Committee in March 2010, Canada deposited its instrument of ratification for the International Convention for the Control and Management of Ships’ Ballast Water and Sediments, becoming the 27th country to ratify the convention. Ratification enables Canada to fully enforce international environmental and safety standards (IMO MEPC, 2010).

2012 USCG Final Rule on Standards for Living Organisms in Ships’ Ballast Water Discharged in U.S. Waters

On March 23, 2012, the USCG promulgated a ballast water discharge standard for U.S. waters and a USCG type-approval process for BWMS. This process established requirements for designing, testing, installing, and operating equipment on board vessels. The Final Rule included an implementation schedule based upon a vessel’s construction date and ballast capacity. The earliest implementation date for a BWMS was December 1, 2013.

The Final Rule also included a bridging strategy provision for approval of alternate management systems, which allows for foreign type-approved systems with IMO approval to be installed prior to the vessel’s compliance date for a period no longer than five years from the date they would otherwise be required to comply with the ballast water discharge standard.

Effective June 21, 2012, a non-recreational vessel equipped with ballast tanks entering Snell Lock from outside the U.S. EEZ must use one of the following ballast water management practices:

Carry out BWE unless the vessel is required to employ a BWMS;

Retain ballast on board;

Install and operate an approved BWMS; or

Use only water from a U.S. public water system as ballast water.



The ballast water discharge standard matches that adopted by the International Maritime Organization (IMO) in 2004 and further established by seven U.S. states (GLS BWWG, 2015).

2013 USEPA Vessel General Permit

USEPA issued a final vessel general permit (VGP) regulating discharges from commercial vessels, including ballast water, to protect the nation’s waters from ship-borne pollutants and reduce invasive species in U.S. waters. The final VGP covers commercial vessels greater than 79 feet in length, excluding military and recreational vessels, and replaced the 2008 VGP that expired on Dec. 19, 2013. This permit clarifies discharge requirements to reduce the risks of introduction of invasive species. The permit includes numeric discharge standards limiting the release of living organisms in ballast water. The organism discharge standards in the VGP are consistent with those contained in the IMO’s 2004 D2 standard. The permit also contains additional environmental protection for the Great Lakes by aligning federal standards with many Great Lakes states that require certain vessels to take additional precautions such as performing open-ocean BWE and flushing for vessels that voyage beyond the EEZ to reduce the risk of introducing new invasive species to U.S. waters.

Further details regarding the regulations surrounding ballast water management for overseas vessels, coastal vessels and Lakers that ply the Great Lakes are available in Section 2.

0. Ballast Water Management Options for Salties and Coastal Vessels Entering the Great Lakes

Ocean-going vessels that arrive in the Great Lakes from outside the EEZ have been conducting BWE or saltwater flushing to physically remove and/or kill freshwater organisms. Recent ratification of the IMO Convention, as well as the USCG’s recent type approval of three BWMS, will begin phasing in BWMS. Although BWMS are expected to provide greater protection of the Great Lakes when compared to BWE, debate continues regarding added benefits of combined BWE and treatment.

This section describes BWMS options for oceangoing and coastal vessels entering the Great Lakes. This section also compares the efficacy of BWE published in the literature with the IMO D2 standards for type-approved BWMS. Lastly, this section summarizes recently published literature on the efficacy of combining BWE and treatment compared to either option alone to further protect the Great Lakes from a new ANS invasion.

Commercially Available BWMS for Salties Entering the Great Lakes

As described in Section 7, there are more than 60 commercially available BWMS that have been IMO type approved. These systems are categorized by disinfection type and include UV, electrochlorination, chemical addition, ozonation, deoxygenation, and others such as pasteurization, membrane filtration, and electrolytic hydroxyl radical formation. Salties entering the Great Lakes from overseas, or from the Canadian/U.S. coastal areas, have the option of using any of these categories of treatment when ballasting before entering the Great Lakes.

Once Salties arrive in the Great Lakes and begin to off-load cargo, some may need to ballast with Great Lakes freshwater to maintain vessel trim. In addition, some Salties off-load cargo such as steel at one Great Lakes port and then traverse the Great Lakes to another port where cargo such as grain is loaded before voyaging back overseas. To provide vessel stability during transit through the Great Lakes, freshwater ballast is loaded at the port where the overseas cargo was off-loaded and is then discharged at another Great Lakes port when new cargo bound for overseas ports is loaded. Although this ballast water is loaded and discharged within the Great Lakes, the movement of ballast water between ports can cause the inter-lake transfer of ANS. Therefore, Salties will be operating their BWMS when ballasting and discharging within the Great Lakes to maintain continuous compliance with ballast water discharge standards.

BWMS applicable to Salties prior to entering the Great Lakes may not be applicable once the vessel is loading freshwater within the Great Lakes without prior planning. For example, electrochlorination disinfection systems rely on saltwater to provide a chloride source to generate chlorine. Without a supply of saltwater within the Great Lakes, Salties would be required to bunker saltwater in an unused holding tank or ballast tank and then use this saltwater to generate chlorine for disinfection while ballasting/deballasting within the Great Lakes. Salties which use UV, deoxygenation or pasteurization for disinfection may not have sufficient transit times between Great Lakes ports for the technology to be effective. Table 12‑4 provides information on the limitations that each BWMS disinfection type would face in the Great Lakes.

[bookmark: _Ref478388555]Table 12‑4. Limitations of BWMS Disinfection Types for Commercial Vessels Within the Great Lakes

		BWMS Disinfection Method

		Limitations for Use Within the Great Lakes



		UV

		Current USCG type approved BWMS require a 72-hour (3-day) holding time after treatment. Common trade routes for within the Great Lakes move ballast from lower ports such as Gary, Burns Harbor, Cleveland and Toledo to upper ports such as Thunder Bay, Ontario and Duluth/Superior, Minnesota ((USACE, 2017). Transit times for these routes are less than 72 hours. Vessels would need to delay cargo loading and discharge of Great Lakes ballast water until the 72-hour holding time is achieved.



		Electrochlorination

		Requires a supply of saltwater for generating chlorine. Overseas vessels would need to bunker seawater before entering the St. Lawrence Seaway. Bunkering seawater would limit cargo capacity. Vessels which do not enter marine environments would need to prepare and bunker a synthetic seawater solution.



		Chemical Addition

		None for vessels with coated ballast tanks. Increased corrosion rates for vessels without coated ballast tanks.



		Ozonation

		None for vessels with coated ballast tanks. Increased corrosion rates for vessels without coated ballast tanks.



		Deoxygenation

		Common trade routes for commercial vessels within the Great Lakes move ballast from lower ports such as Gary, Burns Harbor, Cleveland and Toledo Transit times for these routes are less than 72 hours (USACE, 2017). Vessels would need to delay cargo loading and discharge of Great Lakes ballast water until the holding time is achieved if using a deoxygenation system that requires hold times greater than transit times.



		Membrane Filtration

		None.



		Flocculation, Magnetic Separation, and Filtration

		Both freshwater and marine organisms must have similar flocculation properties to be effectively removed by magnetic separation and filtration.



		Pasteurization

		System designed for large long-haul vessels and requires multiple voyage days to reach pasteurization temperatures. Similar holding time issue as for UV and deoxygenation disinfection BWMS.







Based on the limitations shown in Table 12‑4, commercial vessels that intend to ballast within the Great Lakes and then discharge this ballast into other Great Lakes ports are best suited for BWMS that either add disinfection chemicals or manufacture disinfection chemicals on board. Chemicals typically have short reaction times, and their effectiveness would not be impacted by voyage duration. Vessels using electrochlorination-based BWMS would need to bunker sufficient seawater before entering the St. Lawrence Seaway.

A comparison of the 2015 NBIC data with the 2015 VGP certified annual report for overseas vessels that discharged ballast water into the Great Lakes found none had installed BWMS by the end of 2015. However, now that the IMO Convention has been ratified and will come into force in September 2017, these vessels should now be deciding on which BWMS to install and must consider the unique issues of ballasting in both marine environments and Great Lakes if they plan to continue with these voyages.

BWE and Saltwater Flushing

BWE and seawater flushing are designed to prevent living, freshwater organisms from reaching the Great Lakes from overseas ports by two separate treatment mechanisms. The first mechanism is physical flushing of living organisms from the ballast tanks while mid-ocean. The second mechanism to kill any remaining freshwater organisms in the ballast tanks is salinity shock caused during exchange with open-ocean salt water (Reid, 2012).

There are three methods of BWE that have been evaluated and determined to be acceptable to IMO (ABS, 2010): the sequential method, the flow-through method, and the dilution method.

Sequential Method – A process by which a ballast tank is first emptied of water and then refilled with replacement ballast water to achieve at least a 95% volumetric exchange.



Flow-Through Method – A process by which replacement ballast water is pumped in at the bottom of a ballast tank, allowing replacement water to flush out the original ballast water through overflow or other arrangements. At least three times (300 percent) the tank volume is to be pumped through the tank. Figure 12‑14 shows a vessel conducting open-ocean flow-through BWE.



Dilution Method – A process by which replacement ballast water is filled through the top of the ballast tank with simultaneous discharge from the bottom at the same flow rate and maintaining a constant level in the tank throughout the ballast exchange operation. At least three times the tank volume is to be pumped through the tank.



The flow-through and dilution methods are often referred to as “pump-through” methods.

Each BWE method has aspects that are considered when selecting the method(s) to be used on a specific type of vessel. The degree to which a vessel is suited to the sequential method, the flow-through method, or the dilution method is dependent on its design and age (ABS, 2010). In addition, BWE is time-consuming, adds extra cost, cannot be performed in rough sea conditions, and has limited effectiveness in some environments and for certain vessel designs (Tamburri et al., 2002).

[image: ]

Photo courtesy of Smithsonian Environmental Research Center at: https://invasions.si.edu/nbic/managementpract.html

[bookmark: _Ref346191114][bookmark: _Toc346185384]Figure 12‑14. Water Overflowing from Deck Hatchs and Ports During BWE at Sea

For NOBOB vessels entering the Great Lakes, seawater flushing of the empty ballast tanks is performed to remove residual freshwater and sediments that may harbor potential ANS. Saltwater flushing of ballast tanks, sometimes referred to as the “swish and spit” method, is defined as the addition of mid-ocean water to empty ballast water tanks; the mixing of the flush water with residual water and sediment through the motion of the vessel; and the discharge of the mixed water, such that the resultant residual water remaining in the tank has as high a salinity as possible, and preferably is greater than 30 ppt. The vessel should take on as much mid-ocean water into each tank as is safe (for the vessel and crew) to conduct saltwater flushing (TC, 2007). Open-ocean flushing of the tanks is intended to remove some of the residual sediments, and replace any non-pumpable ballast water from freshwater ports with high salinity seawater.

While the vast majority of vessels entering the Great Lakes can conductBWE or seawater flushing, and the procedures do not typically require any special structural modifications to most of the vessels in operation, BWE or flushing does present challenges for designers, builders, owners and operators. These challenges include over-pressurization or under-pressurization of tanks, longitudinal strength and transverse stability concerns, as well as maneuverability issues (ABS, 2010). Exchange sequences can be complex if stability, hull girder strength, resonant sloshing, slamming and propeller immersion criteria are to be maintained within acceptable limits (ABS, 2008). Open-ocean BWE during heavy seas or extreme weather conditions can create additional stability issues; therefore, BWE may not be practicable under all conditions (ABS, 2012). The USCG allows vessel operators to not conduct BWE during heavy weather under the “Safety Exemption”.[footnoteRef:10] [10:  H.R. 4283 National Invasive Species Act of 1996, Subpart B, Section 1101(k) Safety Exemption states “The master of a vessel is not required to conduct a ballast water exchange if the master decides that the exchange would threaten the safety or stability of the vessel, its crew, or its passengers because of adverse weather, vessel architectural design, equipment failure, or any other extraordinary conditions.”] 


The structural and operating risks associated with open-ocean BWE are the primary reasons for concern with the process. While most vessels can conduct ballast water exchange, and the procedures do not typically require any special structural modifications to most of the vessels in operation, it does present challenges. Safety procedures aimed at addressing the potential for increases in hull stresses, loss of transverse stability, bottom slamming, adverse affects on the vessel’s maneuverability, over- and under-pressurization of ballast tanks, and the effects of sloshing loads on tanks must all be considered (ABS, 2010). Although accidents associated with BWE are rare based on a review of USCG incident reports, they have occurred. For example, in 2006, the container ship M/V Cougar Ace carrying automobiles from Japan to Vancouver BC capsized off the coast of Alaska during BWE, resulting in one fatality. According to the IMO incident report on the capsizing (IMO, 2008a) improper planning resulted in insufficient weight in the ballast tanks, the officer in charge failed to maintain vessel stability throughout BWE, and the shipboard BWE procedures did not have sufficient safety guidelines or procedures specific to the M/V Cougar Ace on the safe operations of the BWE operations in accordance with the recommendations of the IMO.

Although BWE may create vessel instability, some methods create more instability than others. According to a marine engineer (Glosten, 2012), the sequential method of BWE creates the greatest vessel instability since the tanks go from full to empty to full again. The flow-through method, which allows the ballast tanks to overflow on the deck, reduces instability; however, there are over-pressurization concerns within the ballast tanks which can cause cracks in the vessel hull (Glosten, 2012). For NOBOB vessels, tank flushing to remove residual water and sediment can also cause stability problems. NOBOB vessels are typically loaded with containers to the “load-line” on the hull, meaning they are at full capacity. If seawater is added to flush the ballast tanks, then weight is added mid-ocean that is beyond the max vessel load and the vessel could sink or be unstable (Glosten, 2012).

Although there are inherent risks involved in BWE, there have been no issues for Salties entering the Great Lakes according to TC (TC, 2012). TC is responsible for vessel compliance with Canada’s BWE program for all vessels entering the Great Lakes. According to the GLS BWWG, 100% of vessels bound for the Great Lakes Seaway from outside the EEZ received ballast management exams on each Seaway transit in 2015. The GLS BWWG also indicated that there was no noncompliant ballast water discharged in the Great Lakes Seaway system in 2015 (GLS BWWG, 2016). Unlike the United States, Canada does not have a “Safety Exemption” that allows vessels to not conduct BWE during heavy weather. Instead, Canada has designated “alternative exchange zones”. For the Great Lakes, Canada has designated a deep- water area in the Gulf of St. Lawrence as the alternative exchange zone. This location is relatively sheltered compared to the open North Atlantic Ocean; therefore, weather related issues do not prevent ships that must enter the Great Lakes to either load or unload cargo from conducting BWE.

A TC representative (TC, 2012) estimates 90 percent of vessels entering the Great Lakes are “regulars,” meaning they travel between the Great Lakes and European ports on a regular basis. These ships and their crews conduct BWE on a regular basis without incident. Since the current BWE program requirements were implemented by Canada in 2006, there have not been any safety issues related to the process. In addition, a large percentage of the vessels entering the Great Lakes are relatively new ships that have been designed to carry out BWE, and the exchange process is part of the vessels’ ballast water management plans. The ballast water management plan includes an approved sequence of exchange for the vessel, along with information on weather conditions when BWE should not be conducted, and a requirement to log all exchanges (TC, 2012).

The vessels’ ability to safely carry out open-ocean BWE prior to entering the Great Lakes was supported by representatives from Fednav Limited, the largest dry bulk shipping group in Canada (Fednav Limited, 2012). Fednav Limited operates approximately 33 container/cargo vessels on the Great Lakes, and all vessels are 100 percent compliant with Canada’s current BWE requirements prior to entering the Great Lakes. According to the Fednav Limited representative, the Chief Engineer, with assistance from the crew, conducts BWE, and there have not been any accidents or incidents on Fednav Limited vessels. According to the Fednav Limited representative, BWE does add a small expense related to fuel consumption and time, but he was not aware of any specialized capital equipment needed for either exchange or flushing of ballast tanks for NOBOB vessels (Fednav Limited, 2012).

The effectiveness of BWE at removing freshwater or coastal organisms has been studied by numerous researchers. According to Gray et al. (2007), combined physical removal and mortality due to salinity shock is estimated to be at least 95 percent effective for ships carrying ballast from fresh water ports. Gray et al. (2007) collected samples after empty-refill BWE from four vessels which had originated in the Great Lakes and voyaged to European ports and found that zooplankton numbers had been reduced by more than 99 percent. Gray et al. (2007) also found BWE had a significant impact on the recruitment of rotifers and cladocerans from diapausing eggs in ballast water sediment. Experiments using incubation chambers concluded that organisms, which either hatched during transit or remained as diapausing eggs[footnoteRef:11] were likely killed due to the high salinity created due to open-ocean BWE. [11:  Diapausing eggs are those in a period of suspended development as an apparent response to the approach of adverse environmental conditions.] 


Data developed by Santagata et al. (2008) showed that salinity shock is effective enough to kill all oligohaline organisms[footnoteRef:12] during 90 percent of all BWEs. Klein et al. (2010) focused on the removal of diatoms by BWE and found BWE introduced new diatom species to exchanged ballast tanks, and several freshwater diatom species survived BWE and were still viable at the conclusion of the voyages. Although BWE reduced the total number of diatoms in the ballast tanks by 87 percent, the researchers concluded that the density of viable diatoms present in ballast tanks at the end of the voyage represent a high risk for establishment at receiving ports (Klein et al., 2010). Baier et al. (2013) reported that biofilms that accumulate on the surfaces within ballast tanks can provide a safe harbor for freshwater organisms during BWE. Baier et al. (2013) concluded that cleaning of the biofilm from surfaces within tanks should be considered in addition to BWE to prevent further invasions into the Great Lakes. [12:  Oligohaline organisms are tolerant of a moderate range of low salinities.] 


Simard et al. (2011) evaluated the efficacy of two BWE methods during two transoceanic voyages of a bulk carrier between Rotterdam and Sept-Iles (Canada) and found that removal of organisms varied between BWE method, plankton communities (microplankton and zooplankton) and taxonomic groups. Accounting for natural mortality observed in control tanks, Simard et al. (2011) found the net efficiency of BWE for removal of microplankton ranged between 29 and 40 percent, while net efficacy for removal of zooplankton ranged between 23 and 54 percent. The researchers also found the 300% flow-through method is the most effective BWE method (net efficacy) for removing initial microplankton taxa when compared to the vessel’s normal method of BWE which consisted of deballasting 50% of its original volume and then refilling and overflowing for an additional 50% of the tank capacity.

Ruiz et al. (2007) reported results from over two dozen BWE experiments with controls for non-exchange effects. Calculated exchange efficacies, based on dye measurements, ranged from 88-99% for replacement of coastal water and 80-95% for removal of coastal planktonic organisms, depending on the type of ship and parameters measured. 



Source: Ruiz et al., 2007.

Figure 12‑15 shows the exchange efficiency for various types of vessels. Ruiz et al. (2007) found no significant differences between flow-through and empty-refill or high vs. low starting salinities when measuring exchange efficacies.

Drake et al. (2002) conducted studies on a transoceanic voyage aboard a commercial bulk carrier and sampled the microbial community in exchanged and unexchanged ballast-water. Five days following BWE, all microbial metrics tested including bacteria virus-like particles, chlorophyll a and total microbial biomass had decreased between 1.6- to 34-fold from initial values. Although some organisms were discovered in ballast tank discharges, Drake et al. (2002) concluded these organisms may have been associated with the open-ocean environment and may not have survived in the receiving coastal or freshwater environment. Further research would be required to determine the survivorship of the remaining organisms.

[bookmark: _Ref478459513]Studies conducted by Briski et al. (2010) and Bailey et al. (2011) also found that physical removal of organisms due to BWE and/or flushing and salinity shock have a significant impact on the number of living organisms in ballast tanks. After the implementation of the more stringent ballast water management regulations in 2006, samples of sediment and water from both BOB and NOBOB vessels entering the Great Lakes were collected and the results compared to before implementation of mandatory BWE (1993) and NOBOB flushing (2006) regulations. Results indicate the abundances of taxa, especially taxa posing a high risk for establishment in the Great Lakes, are significantly reduced by exposure to the high (>30 ppt) salinity and flushing action achieved by BWE and salt water flushing. Briski et al. (2010) reported that the amount of sediment in ballast tanks had decreased significantly as compared to before the regulations, and that the number of dormant eggs per ship had decreased more than 80 percent as compared to before the regulations. Bailey et al. (2011) reported that ballast tanks on NOBOB vessels had a significant decrease in high-risk invertebrate numbers following saltwater flushing as compared to NOBOB vessels that did not perform saltwater flushing. Results of these studies lead Bailey et al. (2011) to conclude that although BWE regulations are not 100 percent effective at preventing a new ANS invasion into the Great Lakes, they do significantly reduce the probability of a new invasion and that the current inspection and enforcement programs should be maintained to ensure compliance with the regulations for all vessels entering the Great Lakes. 



Source: Ruiz et al., 2007.

Figure 12‑15. Efficacy of Empty-Refill BWE for Removing Rhodamine Dye from Ballast Tanks for Various Vessel Types

Although these studies indicate BWE removes a portion of the living organisms in ballast tanks, it is not completely effective. Molina and Drake (2106) concluded, after reviewing numerous studies on BWE efficacy, that organisms are not consistently removed from ballast tanks following exchange, and that the diversity and physiological state of organisms cause differences in measured responses, providing a less-than-definitive solution for determining exchange efficiency. Molina and Drake (2016) further concluded that environmental parameters used as an indicator of exchange effectiveness, and the sampling methods used to collect these parameters, are inconsistent and can influence the results of exchange efficacy.

Briski et al. (2013a) found the abundance of marine organisms increased after BWE, as would be expected, suggesting the technique is not an effective measure to protect coastal marine areas and possibly the Great Lakes. Briski et al. (2013a) reported invertebrate and dinoflagellate species richness was significantly higher in ships operating in the Atlantic region after BWE than in coastal, not-exchanged ships, indicating that new species were likely added to tanks when open-ocean BWE took place. Briski et al. (2013a) concluded that BWE of vessels may increase the risk of invasion risk to coastal areas, depending on ship travel patterns and voyage duration, and that harmful and toxic dinoflagellate species could be introduced from overseas areas that affect human health, fisheries, and aquaculture. Although the salinity difference between the Great Lakes and the open-ocean marine environment should prevent marine organisms from establishing viable populations, the chance is not fully eliminated by BWE alone.

Research conducted by Bailey et. al. (2005) found that BWE and saltwater flushing of NOBOB vessels may not be fully effective at preventing ANS invasions into the Great Lakes. Her work found some zooplankton dispausing eggs isolated from ballast sediments from transoceanic vessels entering the Great Lakes had significantly reduced hatching rates after exposure to high salinity, while others had hatching rates as high as 78 percent after exposure to high salinity. This study lead researchers to conclude that it is unclear if salinity exposure during salt water flushing of NOBOB vessels will be an effective management tool to prevent further invasions into the Great Lakes.

In summary, research to date has shown that BWE can remove a large percentage of freshwater living organisms in both BOB and NOBOB tanks; however, some organisms, especially those in resting stages and buried in ballast tank sediments, may survive BWE and be discharged into the Great Lakes during de-ballasting. In addition, BWE has the potential to increase marine organism populations compared to non-exchanged coastal ballast water, leading both Gray et al. (2007) and Briski et al. (2013a) to conclude that BWE will not achieve the IMO D2 standard, but since the primary taxa are marine, they would likely not survive if discharged into freshwater environments like the Great Lakes. Lastly, some researchers (Costello et al., 2007) suggest that a better estimation of the lag time between introduction and detection, and a shortening of that lag time with better monitoring, would allow more precise and timely evaluation of the efficacy of BWE at keeping new ANS from entering the Great Lakes.

0. Efficacy of Ballast Water Treatment Combined with BWE

With ratification of the IMO Convention, vessels will be required to achieve numerical discharge standards for organisms using a BWMS, and the requirement to conduct BWE will be phased out. Although BWMS are expected to provide better removal of organisms then BWE, the concern is that BWMS may not be reliable in low salinity or highly turbid waters (IMO, 2016), and that mechanical and operational issues with BWMS could periodically cause the systems to fail. Because of these concerns, some researchers (Briski et al., 2013b, Briski et al., 2015; Paolucci et al., 2015; Drake et al., 2017) have investigated the efficacy of combining BWE and ballast water treatment.

To determine if BWE plus ballast water treatment reduces the abundance of live organisms in ballast water more effectively than treatment alone, large-scale experimental trials were conducted in 2010 at the Northeast-Midwest Institute’s Great Ships Initiative Land-Based Research, Development, Testing, and Evaluation facility in Duluth-Superior Harbor (Briski et al, 2013b). The comparative evaluation showed that even though ballast water treatment by filtration and UV disinfection reduced the abundances of organisms in the ≥50 μm and ≥10 to <50 μm size categories, treatment plus BWE lowered abundances even further. Treatment reduced the abundance of organisms >50 um by 91% compared to the initial Duluth-Superior Harbor water. Treatment of organisms in the ≥10 to <50 μm size category were reduced by 63.7% compared to the initial Duluth-Superior Harbor water. Treatment plus BWE reduced both size categories by more than 99% when compared to the initial Duluth-Superior Harbor water. The researchers concluded the study clearly demonstrates the potential benefits of combining BWE with ballast water treatment to reduce invasion risk of freshwater organisms transported in ships’ ballast water.

To verify these land-based testing results, between March 2013 and August 2104, Briski et al. (2015) conducted BWE plus treatment testing onboard three ships fitted with BWMS sailing between Hamburg, Germany and the Straits of Gibraltar, and Moerdijk in the Netherlands and Deception Bay in Canada. All vessels ballasted in freshwater. The ships had already installed type-approved BWMS consisting of filtration and electrochlorination, filtration and UV, or ozone without filtration. Testing consisted of two different experimental scenarios that included (1) “treatment alone” tank(s) filled at initial port with freshwater treated by a BWMS system; and (2) “BWE plus treatment” tank(s) filled at the initial port with freshwater treated by a BWMS and then discharged and exchanged in the open Atlantic (more than 50 nautical miles from the nearest land and in waters of >200 m depth). Exchanged ballast water was also treated by the BWMS system during open-ocean loading.

Results of the Briski et al. (2015) study found that BWE used in combination with ballast water treatment caused a significant reduction in plankton when compared to ballast water treatment alone. Ballast tanks filled with treated freshwater contained mainly freshwater or euryhaline organisms, while “BWE plus treatment” tanks contained mainly marine organisms that primarily originated from the open-ocean area where exchanged occurred. These organisms would likely not survive if discharged into freshwater ecosystems due to the difference in salinity. The researchers noted that due to the almost exclusive marine population of live zooplankton after BWE, the “BWE plus treatment” strategy notably reduces introduction risk of zooplankton through environmental mismatching. Results for phytoplankton were not as clear, since many marine and euryhaline were present in the initially treated freshwater uptake samples, though it is unknown if they were alive. The researchers noted there were no freshwater phytoplankton species observed in discharge samples of the “BWE plus treatment” experiments.

In 2012 and 2013, Paolucci et al. (2015) investigated the efficacy of BWE combined with chlorination for removal of bacteria, microplankton and macroplankton on board the bulk carrier Federal Venture. Five trials were conducted during voyages between Canada and Brazil. In three of the trials, ballast water was loaded from a brackish port in Canada, while the other two trials loaded freshwater from ports on the St. Lawrence River. In total performance information were generated from 12 control ballast tanks, 12 chlorine only ballast tanks, 13 BWE only ballast tanks, and 13 BWE plus chlorine tanks. Chlorine was dosed directly into the ballast tanks using industrial bleach (12% sodium hypochlorite) at a target concentration of 20 mg/L for the first 4 trials and at a target concentration of 10 mg/L for the final trial. BWE was conducted using the flow-through method and chlorine was also dosed into the open-ocean ballast water during the exchange process. Final ballast water tank samples were collected for living organisms approximately 3 days following exchange and chlorination.

Results of the testing conducted by Paolucci et al. (2015) showed that for all biological indicators (bacteria, microplankton and microplankton), the BWE plus chlorine tanks had the lowest concentration of living organisms at discharge, followed by the chlorine only tanks. The control tanks had the highest final abundance of coliforms, microplankton, and macroplankton, followed by the BWE only tanks. The overall effect of BWE was significant for only microplankton and chlorophyll a concentrations. These researchers concluded that BWE alone is not an effective method for ballast water treatment for all taxa, but that BWE combined with treatment such as chlorine addition provided the greatest reduction in organisms subject to the IMO D2 standard.

A recent shipboard study conducted by Drake et al. (2017) indicates BWE plus treatment is as effective as BWE alone, but not necessarily more effective. The study, conducted by the Naval Research Laboratory (NRL) onboard a bulker sailing from Antioch, California to Port McNeill, British Columbia, found no difference in the concentration of organisms discharged in ballast water that had undergone treatment by filtration and electrochlorination plus BWE versus ballast water than had undergone treatment alone. The concentrations of organisms larger than 50 μm ranged between 31,000/m3 and 39,000/m3 in the raw ballast water and were reduced to 0/m3 in both the treated and the treated plus BWE discharge. Only 10 organisms having sizes ranging between 10 and 50 μm were measured during uptake of the raw ballast water and therefore no conclusions could be made regarding the effectiveness of treatment versus treatment plus BWE for this category.

The studies by Briski et al. (2015) and Paolucci et al. (2015) lead to the conclusion that ballast water treatment using a type-certified BWMS and subsequent open-ocean BWE has a significant impact on the number of freshwater ANS that could reach the Great Lakes from overseas ports. The salinity barrier created by BWE significantly reduces the concern that a malfunctioning BWMS will introduce a new freshwater ANS into the Great Lakes. In addition, BWMS are relatively new and presently there is little actual operational experience to accurately gauge their reliability and performance (Reid, 2012) when operating in waters that may not fall within the type approval testing parameters.

Ballast Water Management Options for Lakers

As indicated earlier, there are currently 57 U.S. flagged Lakers and 84 Canadian flagged Lakers that ply the Great Lakes. Differences between the U.S. and Canadian flagged Lakers are their size, materials of construction, and voyage patterns. While most U.S. Lakers remain in the upper Great Lakes (Lakes Erie, Huron, Michigan and Superior), Canadian Lakers voyage through Lake Ontario and the SLSS to Atlantic coastal areas. As such, Canadian Lakers are generally smaller than U.S. Lakers to allow them to traverse the Welland Canal and the locks in the St. Lawrence Seaway. In addition, since Canadian Lakers can voyage into brackish and salt water as they move east of Québec City, their ballast tanks must have corrosion protection. U.S. Lakers were designed to never be exposed to brackish or saltwater, so their ballast tanks are not provided with corrosion protection.

The remainder of this section expands on these technical considerations for installation and operation of a BWMS onboard various types of U.S and Canadian Lakers and the expected costs for installation and operation of the systems. At the end of this section, the implementation status of the Laker BMPs currently described in the 2013 VGP will be discussed.

0. [bookmark: _Ref479317370]Technical Considerations for Installation and Operation of BWMS On Lakers

Technical considerations relevant to installation and operation of BWMS on Lakers include vessel size, ballasting volumes and flow rates, ballast pump and piping configurations, space considerations, electrical requirements, corrosion issues, voyage patterns and duration, and ambient water conditions. Table 12‑4, presented previously in this section, include some of the factors that impact the use of BWMS on commercial vessels that ply the Great Lakes. It is important to point out there are significant differences in the construction, size, propulsion configurations, electrical systems and capabilities, cargo off-loading equipment, ballast water movement, and other design aspects between individual Lakers. These differences require a vessel-by-vessel analysis to determine the feasibility and optimal method for installing and operating a BWMS. Therefore, the following considerations are general in nature and may or may not apply to all Lakers.

Vessel Sizes, Ballasting Volumes and Flow Rates, and Pump/Piping Configurations

U.S. and Canadian Lakers operating on the Great Lakes and SLSS differ in size, function and ballasting capacities. U.S. Lakers are mainly large bulk carriers and articulated tug-barges moving materials within the upper Great Lakes (i.e., confined to the Great Lakes) while the Canadian Lakers include smaller bulk carriers and articulated tug-barges plus general cargo ships, chemical and fuel tankers, and lift-on lift-off (LoLo) ships. Canadian Lakers are not confined to the Great Lakes and move cargo within the upper Great Lakes, through the SLSS, and the Canadian coast. U.S. flagged Lakers range in length from the 310 feet tank-barge A-390 to the 1,013.5 feet bulk carrier Paul R. Tregurtha. Canadian Lakers range in length from the 296 feet tanker Algoma Dartmouth to the 750-foot tankers Espada Desgagnés and Laurentia Desgagnés, which operates mainly through the lower Great Lakes, SLSS and coastal Canadian waters within the EEZ.

Ballasting capacities for Lakers are directly related to vessel size and cargo carrying capacity. The thirteen 1,000-foot U.S. flagged Lakers have ballast capacities ranging from 41,420 m3 to 62,100 m3. Ballast flow rates flow rates for the 1,000-foot U.S. flagged Lakers range from 9,080 m3/hr to 18,120 m3/hr. Canadian Lakers have ballast capacities ranging between 1,700 m3 and 31,800 m3 and ballast pumping rates ranging from 600 m3/hr to 5,678 m3/hr (CMC, 2017). Ballast tanks are generally arranged along the port and starboard sides of the vessel, and the number of pumps and piping arrangements depend on vessel design.

U.S. flagged Lakers generally have one of three ballast pump and piping configurations. The first configuration uses main ballast pumps to deliver ambient water from sea chests located in the aft mechanical spaces through two large header pipes running through the port and starboard side ballast tanks. Laterals from the large header pipes discharge into each ballast tank. The second configuration uses main ballast pumps to deliver ambient water from sea chests located in the aft mechanical spaces to a port and starboard header from which individual ballast pipes lead to each ballast tank in a raft-type arrangement. The third configuration includes individual sea chests, ballast pumps and ballast piping for each individual ballast tank. The first two configurations generally use either 2 or 4 main ballast pumps and are found on more than three-quarters of all U.S. flagged Lakers. The third ballast configuration can have one or two individual ballast pumps and piping as ballast tanks. For example, four of the U.S. flagged 1,000-foot Lakers have 18 separate ballast pumps and piping, and one 1,000-foot Laker (i.e., Stewart J. Cort) has 36 deep well ballast pumps.

The capacity of the commercially available type-approved BWMSs selected for a Laker must match the ballasting rate of the ballast pumps. For example, the M/V Indiana Harbor uses 4 main ballast pumps (2 port and 2 starboard) to pump a total of 11,810 m3/hr of ballast water. For this Laker, two BWMS could be installed (one port and one starboard), each with a capacity to treat at least 6,000 m3/hr. For the M/V Paul R. Tregurtha that has a total ballasting capacity of 18,120 m3/hr and uses 18 separate ballast pumps and tanks, 18 individual BWMS would be needed, each with a capacity to treat at least 1,100 m3/hr.

Space Considerations

Retrofitting a BWMS onboard a Laker would require significant modifications of the existing mechanical spaces. Lakers are designed to maximize cargo capacity, so little unused space is available to accommodate a BWMS. Therefore, a system would need to be placed on either an upper weather deck inside a new enclosure, within a newly created space in the engine room, or within ballast tanks or cargo holds converted to new mechanical spaces. USCG (2013b) evaluated these options and found that retrofitting a new deck enclosure on an existing Laker would impact deck operations and concluded that converting an existing ballast tank into a new machinery space is the best alternative. Choice Ballast Solutions (CBS) (2017) conducted a similar analysis and found that converting aft ballast tanks, or portions of aft cargo holds, were the most reasonable options for placing BWMS on Lakers. While converting a ballast tank into a mechanical space to accommodate a BWMS and its associated electrical generation system may be the most feasible option, the reduced ballast capacity, coupled with the weight of the BWMS and electrical generators, may cause the vessel to have a slight list, depending on vessel operations (USCG, 2013b). Both USCG (2013b) and CBS (2017) recommended that further vessel-specific engineering analysis be conducted to evaluate vessel stability before converting a ballast tanks and cargo holds to mechanical spaces. In addition, reduced ballast capacity would result in a proportional loss of cargo carrying capacity for the vessel.

The total space needed for a BWMS depends on the type of system selected, its capacity, required maintenance, and electrical needs. BWMS that use filtration and UV require the system components be located near the ballast pumps, and therefore space must be created in these areas. BWMS that use filtration and chemical addition for disinfection require the filters be located near the ballast pump. Chemical storage tanks can be located anywhere on the vessel where space is available but will likely be located where chemicals can be easily and safely transferred from shore-side to the vessel.

During a site visit to Fincantieri Bay Shipbuilding in February 2017 (LCA, 2017a), EPA representatives took measurements of the space needed for a single 1,000 m3/hr Alfa Laval PureBallast filtration and UV disinfection system that had recently been installed onboard a newly constructed articulated barge bound for the U.S. east coast. The UV reactor, filter, lamp drive cabinet, control cabinet, and cleaning-in-place (CIP) unit were in a deck enclosure measuring approximately 6.7 meters long, 3 meters wide, and 3 meters high (60 m3). Alfa Laval’s product literature indicates the entire 1,000 m3/hr BWMS require a minimum of 6 m3 for installation. Therefore, the actual space needed to operate and maintain a filtration and UV BWMS is approximately 10 times the minimum space occupied by the individual system components.

BWMS with high electrical loads (e.g., UV) would require Lakers to install new diesel generators to supply power to the systems, and the space requirement for generators can be significant. For example, one Caterpillar marine generator set[footnoteRef:13] with a capacity of 730 electrical kilowatts (eKW) would require approximately 75 m3 of space, assuming a 1.2-meter buffer around the generator for maintenance. This single generator would provide enough electricity to power two 3,000 m3/hr filtration and UV system, based on the power requirements described in Section 7. [13:  See memorandum titled XXXXXX and dated XX describing space requirements for BWMS and marine generators.] 


EPA used information on ballast pump and piping configurations and the footprint needed for a filtration and UV BWMS to estimate the space required for installation and operation on-board U.S. and Canadian Lakers. Table 12‑5 provides rough estimates of the space needed to install a filtration and UV BWMS onboard various sizes of U.S. and Canadian Lakers. Space requirements include the need for new electrical generators. A filtration and UV BWMS was selected for this analysis since these systems likely require the largest amount of space to be created because the equipment must be installed in near proximity to the ballast pumps. Other types of BWMS that use chemical disinfection are modular and only the filters must be near the ballast pumps, but the chemical storage tanks can be placed in an unused area and the disinfection chemicals pumped to the ballast piping for injection. Note that the filtration and UV BWMS used for this analysis is to provide a rough estimate of the space requirements that Laker owners/operators would need to make available and should not be construed as an endorsement of the technology. The actual BWMS selected for individual Lakers, if any, will be based on a thorough engineering analysis of each individual vessel and its voyage patterns.

Table 12‑5 shows the largest of the Lakers, the Paul R. Tregurtha, may require as much as 1,480 m3 of space to install 18 separate filtration and UV BWMS and four large marine generators to power the BWMS. This volume equates to 2.6 percent of the Paul R. Tregurtha’s ballast capacity. Smaller vessels such as the John G. Munson may require as much as 300 m3 of space for the filtration and UV BWMS and associated marine diesel electrical generators. 

		[bookmark: _Ref478457914]Table 12‑5. Estimated Space Requirements for a Filtration and UV-Based BWMS Onboard U.S. and Canadian Lakers 



		Vessel

		Vessel Length (ft)

		Ballast Pump and Piping Configurationa

		Total Ballasting Capacity

(m3/hr)

		Number and Capacity of BWMSb,c,d 

		Number of Electrical Generators and Sizee,f,g

		Estimated BWMS and Generator Space Requirements (m3)h



		Paul R. Tregurtha

		1,013.5

		18 ballast tanks and 18 pumps

		18,123

		18 @ 1,500 m3/hr

		4 @ 730 eKW

		1,480





		Edwin H. Gott

		1,004

		8 ballast tanks and 8 pumps

		11,809

		8 @ 1,500 m3/hr

		2 @ 550 eKW

		700



		Indiana Harbor

		1,000

		4 pumps with port and starboard piping manifold

		11,800

		4 @ 3,000 m3/hr

		2 @ 730 eKW

		600



		Roger Blough

		858

		14 ballast tanks and 14 ballast pumps

		4,542

		14 @ 600 m3/hr

		2 @ 550 eKW

		840



		John G. Munson

		768

		2 pumps with port and starboard piping manifold

		4,769

		2 @ 3,000 m3/hr

		1 @ 730 eKW

		300



		Algoma Enterprise

		730

		2 pumps with port and starboard piping manifold

		5,678

		2 @ 3,000 m3/hr

		1 @ 730 eKW

		300



		Joseph L. Block

		728

		2 pumps with port and starboard piping manifold

		4,542

		2 @ 3,000 m3/hr

		1 @ 730 eKW

		300



		Wilfred Sykes

		678

		2 pumps with port and starboard piping manifold

		4,542

		2 @ 3,000 m3/hr

		1 @ 730 eKW

		300



		Innovation (barge)

		460

		4 pumps with port and starboard piping manifold

		2,271

		2 @ 1,500 m3/hr

		1 @ 413 eKW

		160



		Algoma Metis

		331

		2 pumps with port and starboard piping manifold

		580

		1 @ 600 m3/hr

		1 @ 100 eKW

		90





a - Ballast configurations and ballasting capacities for U.S. Lakers provided by LCA, 2016a. Ballast configurations and ballasting capacities for Canadian Lakers provided by CMC, 2017.

b- Number of BWMS based on model sizes available from Alfa Laval PureBallast 3.1 and the total vessels ballasting capacity. http://www.alfalaval.com/microsites/pureballast/documents/MDD00203EN_LOWRES.pdf 

c - Actual size of all filtration and UV BWMS components for the 3,000 m3/hr unit is 11.3 m3, actual size for the 1,500 m3/hr unit is 6.6 m3 and actual size for the 600 m3/hr unit is 4.8 m3. 

d - Space estimated based on the actual size of the BWMS equipment and multiplying by 10 for determine the total space to accommodate maintenance needs such as lamp replacement, filter screen removal, etc.

e - Sizes based on marine diesel generator sets provided by Caterpillar, Inc available at http://www.cat.com/en_US/products/product-comparison.html?productId=1000024700&type=new.

f - Space for a 730 eKW generator is 75 m3. Space for a 550 eKW generator is 83 m3. Space for a 413 eKW generator is 23 m3. Space for the 100 eKW is 37 m3. Includes a 4-foot clearance around the generator for service.

g - Number of electrical generators does not include purchase and installation of a spare. If vessel owners require a spare backup generator to provide additional power to the BWMS, estimated total space requirements would increase.

h -Space requirement estimate does not account for diesel fuel tankage for marine generators, but instead assumes an existing tank can store low-sulfur diesel fuel. If fuel storage tankage is not available, then additional space would be required.



To accommodate the BWMS and associated generators, structural changes including addition of foundations for all components, piping supports for new ballast piping, and possibly new or additional sea chests would be required. Conversion of a ballast tank(s) or cargo container maybe required for the BWMS, plus addition of a new deckhouse to accommodate the new marine diesel electrical generators, if space for these units cannot be created in the engine room or other mechanical spaces. Other mechanical modifications that would likely be required include new or larger compartment ventilation systems and possibly new or upgraded fire protection systems (USCG, 2013b).

These structural modifications necessary to accommodate a BWMS are for existing Lakers. New-build Lakers can plan for a BWMS at the design phase and therefore will not be faced with the same degree of challenges as an existing Laker that is trying to retrofit a BWMS.

Electrical Requirements

Electrical systems onboard Lakers consist of diesel engine driven generators that provide power to the vessel while underway for items such as pumps, winches, steering mechanisms, navigation, lighting, and crew accommodations. At port, diesel driven electrical generators provide power for the self-unloading system that moves bulk cargo from the cargo holds to the upper deck and off the vessel. The largest electrical load on the Laker is the self-unloading system (LCA, 2017a).

During cargo unloading, ballast water is added to the vessel to maintain trim and stability. Operation of the ballast pumps during cargo unloading also imparts an electrical load and, according to representatives from Interlake Steamship Company (LCA, 2017a), can overtax the generators to a level that unloading is discontinued until sufficient ballast water has been added and the pumps turned off. Since ballasting occurs during cargo off-loading and the BWMS would also be operated during this same period, additional electrical generators may be needed on some Lakers to power energy intensive BWMS like filtration and UV (CBS, 2017). 

Structural and mechanical modifications that would be needed to interface the new electrical generators to the BWMS include installation of new power and control panels, installation of new cross-connections between the vessel’s existing power systems and the new generators, new electrical wiring raceways to deliver power to the power and control panels, and new lighting within the BWMS mechanical spaces.

The BWMS controls would be integrated into the ship’s control/monitoring system, so that the BWMS can be monitored from the engine room using same screens the crew uses to monitor/ control other systems within the vessel. The serial communication system would require a telemetry cable from the BWMS controller to the ship’s monitoring/control system. Once the communication is set up, the ship’s control system would monitor the BWMS system’s operation. The vessel’s monitoring system would log all BWMS required data and store the data for future analysis or for verification of compliance.

Corrosion Concerns

Lack of corrosion protection on U.S. Lakers not only limits their voyages to freshwater, but may also preclude the use of BWMS that rely on chemical additional for disinfection. Ballast tanks on U.S. Lakers are constructed of uncoated ABS Marine Grade AH36 carbon steel (USCG, 2013b) that does not corrode in the freshwater of the Great Lakes, but can corrode rapidly when exposed to chemicals or saltwater (Chlorine Institute, 2009). According to the literature, corrosion rates for uncoated carbon steel exposed to 5 mg/L of chlorine in freshwater at ambient temperatures is approximately 10 mils per year (mpy)[footnoteRef:14] (Tuthill et al., 1998). Ozone is also not compatible with carbon steel, and corrosion rates of greater than 12 mpy have been reported in cooling tower systems (Keister and Balog, 1992). Tuthill et al. (1998) states that “materials that corrode at rates greater than 5 mpy generally require good protective coatings or inhibitors and substantial maintenance compared to materials that corrode at 1 to 2 mpy, which are generally used bare without coatings”. [14:  1 mil = 0.001”.] 


According to LCA (2017b), Laker ballast tanks have uncoated plate steel and structural steel members ranging between 0.31 and 1.25 inches thick. Figure 12‑16 shows the inside an uncoated Laker ballast tank and its plate and structural steel members. Based on a corrosion wastage allowance of 25 % for bulker shell side plates and internals including longitudinal steel, struts, girders, etc. established by the marine classification society (ABS, 2015), Lakers would be required to begin replacing structural steel within ballast tanks in less than 25 years if exposed to chlorine at concentrations greater than 5 mg/L. Lakers would begin replacing structural steel members after 19 years of exposure to ozone from a BWMS. This replacement period should be considered a maximum since the steel in Laker ballast tanks already has some corrosion (wastage) due to years of contact with ambient water.

[image: ]

Photo courtesy of LCA, 2017a.

[bookmark: _Ref478459545]Figure 12‑16. Uncoated Plate Steel and Steel Members Inside a Laker Ballast Tank

To prevent ballast tank corrosion on existing Lakers, the tanks would require a protective coating. Marine architects and construction estimators at Fincantieri Shipbuilding in Sturgeon Bay, Wisconsin, stated the process for adding a protective coating inside existing ballast tanks would require:

Cleaning all interior surfaces by sand blasting to remove existing sediments and surface scale. Figure 12‑17 shows the surface corrosion and scale inside a Laker ballast tank prior to cleaning. Once sand blast cleaning is complete, the vessel would be drydocked, a portion of the hull would be removed, and all sediments and scale would be removed and disposed of;



Complete welding of structural framing within the ballast tanks to prevent corrosion in un-welded (skip welded) and uncoated areas;



Grinding all sharp edges on metal framing to a rounded configuration to allow sufficient coating to be applied; and



Apply an epoxy coat to all metal surfaces on the interior of the tanks (LCA, 2017a).



Fincantieri Shipbuilding estimated the cost for these activities between $15 and $20 million dollars depending on the size of the Laker. They also estimate the vessel could be out of service for up to an entire year to complete the coating process (LCA, 2017a).

[image: ]

Photograph courtesy of LCA, 2017a.

[bookmark: _Ref478459565]Figure 12‑17. Surface Corrosion and Scaling Inside a Laker Ballast Tank

Canadian Lakers do not have the same corrosion concerns as U.S. Lakers. Canadian Lakers are designed and constructed with coated ballast tanks to allow voyages through the brackish SLSS east of Québec City and into marine areas along the Canadian Atlantic coast. Therefore, they can install BWMS that use chemicals such as chlorine or ozone without fear of further corroding ballast tanks. In early 2015, the Canadian shipping company Fednav announced they had taken ownership of the newly constructed Canadian Laker Federal Biscay that had been fitted with a JFE Engineering Corporation’s BallastAce filtration and sodium hypochlorite injection system, and that they planned to use the system when moving cargo from world markets into and from the Great Lakes. A press release by Marinelog (2016) reported that in August 2016, Fednav’s vessel Federal Caribou equipped with a BallastAce docked at the port of Burns Harbor in Indiana and is the first Laker to use a BWMS on the Great Lakes. The press release also stated that Fednav is planning to install the BallastAce on 16 additional Handysized oceangoing Canadian Lakers currently under construction and these vessels will also be used both in the Great Lakes and during ocean voyages (Marinelog, 2016). EPA is not aware of any existing Canadian Lakers that have been retrofit for BWMS.

Voyage Patterns and Duration

Differences in commodity trade routes result in different lengths of the routes and typical cargo load times, both of which have a direct relationship to amount of time ballast water remains in the vessel. Short duration, intra-lake voyages between ports like Cleveland and Marblehead, Ohio can take 6 to 8 hours, while the longest inter-lake voyages from ports like Duluth or Two Harbors to Port Cartier, Québec near the mouth of the St. Lawrence River can take Canadian Lakers over 6 days. Table 12‑6 shows some of the common trade routes for Lakers (USEPA, 2016) and their transit times between ports (USACE, 2017).

		[bookmark: _Ref478457994]Table 12‑6. Laker Transit Times Between Common Cargo Off-Load and Loading Ports on the Great Lakes



		Cargo Off-Loading Port

		Cargo Loading Port

		Transit Time (hours)



		Gary, IN

		Two Harbors, MN

		61



		Burns Harbor, IN

		Duluth-Superior

		62



		Gary, IN

		Duluth-Superior

		63



		Conneaut, OH

		Two Harbors, MN

		71



		Sault Ste. Marie (Canada)

		Marquette, MI

		15



		Detroit, MI

		Duluth-Superior

		61



		Cleveland, OH

		Silver Bay, MN

		67



		Nanticoke (Canada)

		Duluth-Superior

		77



		Cleveland, OH

		Marblehead, OH

		8



		Indiana Harbor, IN

		Escanaba, MI

		22



		Ecorse, MI

		Two Harbors, MN

		62



		Hamilton (Canada)

		Duluth-Superior

		96



		Toledo, OH

		Duluth-Superior

		66



		St. Clair, MI

		Duluth-Superior

		52



		Hamilton (Canada)

		Toledo, OH

		37



		Detroit, MI

		Calcite, MI

		26



		Milwaukee, WI

		Alpena, MI

		29





Source: USACE, 2017.



The data in Table 12‑6 show that voyage durations for the common routes that U.S. Lakers use to move iron-ore from Lake Superior ports such as Duluth-Superior, Two Harbors, Silver Bay, Marquette, and Escanaba to the steel mills in cities such as Gary, Detroit, and Cleveland are less than 72 hours. While in port, Lakers can off-load cargo and load ballast water in 8 to 10 hours (LCA, 2017a; USCG 2013a) and must depart the docks as soon as possible to allow the next Laker to begin unloading its cargo. Most of the Lakers are designed to transport two or three of the primary commodities, and most also are engaged in different trade routes. According to LCA and representatives from Interlake Steamship Company and American Steamship Company (LCA, 2017a), Laker owners generally enter into 3-year contracts with producers or consumers; therefore, voyage routes and durations will change many times over the life of the vessel.

Voyage duration is an important consideration for selection of a BWMS. BWMS that require retention times longer than the voyage duration would require vessels to hold ballast at a port location until the retention time is achieved. This will impact cargo loading schedules and the number of voyages a Laker could make in a sailing season, ultimately impacting revenue generation by the vessel owners. In addition, changing contractual agreements with commodity producers/consumers prevents operators from guaranteeing they can assign a vessel to a specific voyage route for the life of the vessel in order to achieve a target BWMS retention time. Because of these issues, Laker owners would likely choose BWMS that do not have retention time requirements as part of their type approval.

Ambient Water Conditions

The waters of the Great Lakes have low salinity levels typical of many inland fresh water lakes. Duluth/Superior harbor, for example, typically ranges between 0 to 1 PSU (GSI, 2011). Seawater, by contrast, typically has salinity around 35 PSU (~56,000 μS/cm). IMO G8 BWMS type-approval testing guidance recommends testing at two salinity levels separated by 10 PSU, but does not require testing at the low salinity levels seen in the Great Lakes (IMO, 2008b). The ETV Protocol (USEPA, 2010) requires a salinity of <1 PSU for freshwater type-approval testing which can even be an order of magnitude higher than the salinity found in the Great Lakes.

Low water temperatures in the Great Lakes can also present challenges for BWMS. The USEPA ETV protocol for BWMS type approval testing (USEPA, 2010) requires the ambient water must be between 4oC and 35oC. As shown in Figure 12‑18, surface water temperatures in the Great Lakes vary seasonally from 0ºC to 25ºC. Temperatures are generally above 15ºC mid-June through October (i.e., the Great Lakes shipping season) and below 5ºC from mid-December through late April (i.e., Great Lakes shipping closed due to ice cover). Average temperature also varies from lake to lake, with Lake Superior showing consistently lower temperatures throughout the year. Ballast water uptake occurs at depths of 3 to 8.5 m below the surface. Due to naturally occurring temperature gradients, incoming ballast water can be 5ºC to 15ºC colder than surface water in the summer months (USCG, 2013b). In late December before the close of the shipping season on the Great Lakes, incoming ballast water temperatures can be near 0oC, resulting in potential ballast water freezing as it enters the vessels piping system creating potential plugging concerns, especially within filtration equipment (Monroy et al., 2017).

[image: ]

Source: NOAA, 2017a.

[bookmark: _Ref478459577]Figure 12‑18. Average Monthly Surface Water Temperatures of the Great Lakes in 2016

Low ultraviolet light transmittance and turbidity within some Great Lakes ports can also create additional challenges for BWMS that rely on UV disinfection. Testing of an IMO type-approved UV disinfection system (Alfa Laval PureBallast) at the Great Ships Initiative (GSI) facility in Superior, Wisconsin found that high tannin levels in the Duluth-Superior Harbor water likely impacted the system’s performance, and the levels of tannins were not unique to the waters of this region (GSI, 2011). High-tannin levels, together with poor filter performance during testing, were believed to be the cause of system failure to achieve either the IMO or USEPA numeric discharge standards. Although tannin levels are not available in all Great Lakes ports, it’s possible that other ports may have similar levels as those encountered in Duluth-Superior Harbor; therefore, filtration and UV disinfection BWMS may struggle to perform in other areas of the Great Lakes as well.

Summary

Existing Lakers are designed to maximize cargo capacity, and therefore little to no space is available for installation of BWMS. Space can be created from existing ballast tanks or cargo holds, but this would directly impact cargo capacity. Converting ballast tanks to accommodate a BWMS may also impact vessel stability and will require a detailed analysis by a marine engineer or naval architect before considering. For some existing Lakers, this analysis may determine converting an existing ballast tank to accommodate a BWMS is not an option. In addition, electrical systems on Lakers are sized to match the load of the cargo self-unloading equipment that is operational while the vessel is in port; therefore, many Lakers will lack electrical capacity for high electrical demand BWMS such as filtration and UV disinfection. More electrical generators would be required if a filtration and UV disinfection system is installed.

BWMS that use chemicals such as chlorine to disinfect ballast water have a lower electrical demand; however, the chemicals increase the rate of corrosion within the uncoated carbon steel ballast tanks. To use chemical like chlorine or ozone, existing U.S. Lakers would require dry-docking for at least a year to clean, grind, weld and coat the inside of ballast tanks. Canadian Lakers would not have this concern since they were constructed with corrosion protection to allow them to ply brackish and marine waters. Voyage durations by Lakers are measured in hours and, in most cases, will not provide the required residence time for technologies like deoxygenation or pasteurization to be effective. Lastly, ambient water temperatures on the Great Lakes during the later portion of the shipping season can create icing conditions that plug BWMS filters and excessive levels of tannins in some Great Lakes harbors may significantly reduce UV light transmittance, creating a situation where both USCG and IMO type approved filtration and UV BWMS cannot achieve the VGP’s numeric discharge standards.

These challenges are less of a concern for newly constructed Lakers. During construction of new Lakers, space and mechanical systems can be made available to accommodate the BWMS(s). Electrical systems for new Lakers can be designed to accommodate the added electrical loads from the BWMS and would likely not require the installation of separate electrical generators. Marine engineers and naval architects can also specify that ballast tanks be completely welded, all sharp metal edges be rounded, and all metal surfaces within the ballast tanks be coated with a material to prevent corrosion. Including each of these elements in the design of Laker new-builds would provide significantly more flexibility to vessel owners when selecting an appropriate BWMS for use on the Great Lakes.

Commercially Available BWMS for Lakers and Their Performance

Numerous challenges must be overcome to implement BWMS onboard existing U.S. and Canadian Lakers. These include both the technical considerations discussed in Section 12.5.1, as well as the high ballasting capacities and flow rates for Lakes, which are beyond the capacity of some commercially available BWMS. The maximum capacity of commercially available filtration and UV BWMS is 6,000 m3/hr (see Table 7-2 in Section 7). U.S. flagged Lakers have ballasting capacities as high as 18,000 m3/hr and therefore multiple filtration and UV BWMS would be required to accommodate these rates. BWMS that generate chlorine for disinfection by electrochlorination (see Table 7-3 in Section 7), or that dose treatment chemicals into the ballast water (see Table 7-4 in Section 7) are commercially available in the capacities needed for Lakers, however electrochlorination would require bunkering saltwater and both systems would increase the corrosion rates in the uncoated ballast tanks of existing U.S. flagged Lakers.

Testing of various BWMS and BWMS components using ambient Great Lakes water has been conducted at the Great Ships Initiative (GSI) Land-Based Research, Development, Testing and Evaluation Facility located in Duluth-Superior Harbor on Lake Superior. GSI provides freshwater ballast treatment evaluation at three scales—bench, land-based, and onboard ship. GSI, because of its location, uses freshwater from the Great Lakes to evaluate performance of BWMS at removing Great Lakes organisms within the size ranges required in the IMO G8 and ETV protocols. To date, GSI has conducted land-based type-approval testing on the Siemens SiCURETM (renamed to SeaCureTM). BWMS in accordance with IMO G8 guidelines to determine if the system can achieve the IMO D2 regulation. GSI has also conducted empirical “status” tests to support developer driven improvement of the JFE BallastAce® Ballast Water Management System (BWMS). GSI conducted research and development performance testing of three versions of the Alfa Laval PureBallast® BWMS determine if these systems could achieve the D2 standards using Great Lakes water collected from Duluth-Superior Harbor. GSI has also conducted testing to determine if filtration systems associated with commercially available BWMS can remove organisms found in the Great Lakes to achieve the IMO and USCG numeric discharge standards. The following subsections summarize the performance of these commercially available BWMS tested using water from the Great Lakes.

Siemens SiCURETM [footnoteRef:15] [15: Siemens SiCURETM BWMS has been renamed to the Siemens SeaCureTM BWMS.] 


In August through October 2009, the GSI conducted land-based type-approval testing in accordance with IMO G8 guidelines on the Siemens SiCURETM BWMS (GSI, 2010). The Siemens SiCURETM BWMS is based on filtration and side-stream electrochlorination of seawater to produce hypochlorite, which is then injected into the incoming ballast water.

During the series of five consecutive valid trials, the SiCURETM BWMS was evaluated for its ability to: (a) successfully treat ballast water obtained from the Duluth-Superior Harbor which had been augmented to meet IMO challenge conditions without interruption, (b) meet IMO D-2 discharge standards after a five-day holding time, and (c) discharge water after the five-day holding period that is environmentally benign (i.e., no residual toxicity) pursuant to USEPA water quality criteria.

During the five consecutive tests, the Siemens SiCURETM  BWMS functioned properly and was effective at reducing live organism densities in the fresh water ambient conditions of Duluth-Superior Harbor that had been augmented to achieve IMO challenge conditions. As shown in Table 12‑7, live organisms in the regulated size classes were discharged at levels below the IMO D2 standard after the five-day holding time. Table 12‑8 shows target bacteria E. coli and enterococci were also discharged at levels below numeric standards after the 5-day holding time. The post-retention discharge contained well less than 0.1 mg/L total residual chlorine (TRC) under ambient conditions. WET testing found the discharge had no acute toxic effects on any test species across assays and trials. Chronic toxicity effects in 100% effluent were detected in one out of two trials for zooplankton and phytoplankton. There were no chronic toxicity effects across organisms at 50% or lower effluent dilutions.

[bookmark: _Ref482354363]Table 12‑7. Live Plankton Densities within Regulated Size Classes in the Intake, Control and Treatment Discharge During Five Trials of the Siemens SiCURETM BWMS at GSI

		Live Organism Size Category

		IMO G8 Guidelines

		Sample

		Trial A

		Trial B

		Trial C

		Trial D

		Trial E



				≥ 50 μm (#/m3)







		>100,000

		Intakea

		769,661 

		627,566

		1,037,822

		287,920

		561,153



		

		>100

		Control Dischargeb,c

		321,058 

		486,506 

		330,787 

		434,611 

		742,741



		

		<10/m3

		Treatment Dischargec

		5

		7

		4

		4

		1



		≥10 and < 50 μm (#cells/mL)

		>1000 

		Intakea 

		1,180 

		1,832 

		1,563 

		1,683 

		1,642



		

		>100 

		Control Dischargeb,c 

		179

		205

		137

		135

		96



		

		<10 /mL

		Treatment Dischargec

		0

		0

		0

		7

		3





Source: GSI, 2010.

a - Intake water from the Duluth-Superior harbor augmented to achieve IMO challenge conditions.

b - Control by-passes the treatment system and channels water directly into a matched control retention tank.

c - Hold time for control and treated water is 5 days.



[bookmark: _Ref482354453]Table 12‑8. Bacteria Levels in Intake, Control and Treatment Discharges During Five Trials of the Siemens SiCURETM BWMS at GSI

		Microbial Organism

		Sample

		Trial A

		Trial B

		Trial C

		Trial D

		Trial E



		E. Coli

(MPN/100 mL)

		Intakea

		31

		213

		51

		9

		8



		

		Control Dischargeb,c

		<1

		1

		1

		<1

		1



		

		Treatment Dischargec

		<1

		<1

		<1

		<1

		<1



				Enterococci (MPN/100 mL)







		Intakea

		86

		434

		640

		660

		149



		

		Control Dischargeb,c 

		35

		2,275

		295

		149

		54



		

		Treatment Dischargec

		<1

		3

		<1

		2

		1





Source: GSI, 2010.

a - Intake water from the Duluth-Superior harbor augmented to achieve IMO challenge conditions.

b - Control by-passes the treatment system and channels water directly into a matched control retention tank.

c - Hold time for control and treated water is 5 days.



JFE BallastAce®

During September and October 2014, GSI conducted land-based testing of three prototype versions of the chlorine additional-based JFE BallastAce® BWMS to evaluate the biological and chemical performance against the USCG ballast water discharge standard (GSI, 2015). The three prototype versions included:

Filtration and injection of NEO-CHLOR® DICD Granules at a target total residual oxidant (TRO) level of ~ 5 mg/L (3 test cycles);



Filtration and injection of TG BallastCleaner® at a target TRO of ~ 5 mg/L (3 test cycles); and



Filtration and injection of TG BallastCleaner® at a target TRO of ~ 20 mg/L (2 test cycles).



For each test cycle, Duluth-Superior Harbor intake water, amended as needed to meet ETV requirements, was split with one half of the flow directed through the BWMS and into a treatment retention tank and the other half directed into a control retention tank. Following a two-day retention period, the treated and untreated water was sequentially discharged.

Test cycles of the JFE BallastAce® BWMS operated using NEO-CHLOR® DICD Granules at a target TRO of ~ 5 mg/L showed more than a 99 percent reduction in discharge densities of live organisms in the ≥ 50 μm size class; however, densities were still 37 to 50 times greater than the USCG discharge standard. Live organism densities in the ≥ 10 μm and < 50 μm size class met the USCG discharge standard in two of the three test cycles. On average, there was a 97% reduction in total culturable heterotrophic bacteria in comparison to the control discharge. The concentrations of disinfection byproducts were higher in the treatment discharge compared to the control discharge, with trihalomethanes being the largest with average concentrations ranging between 155 μg/L and 214 μg/L.

Test cycles of the JFE BallastAce® BWMS operated using TG BallastCleaner® at a target TRO of ~ 5 mg/L also showed more than a 99% reduction in densities of live organisms in the ≥ 50 μm size class, however the densities were still greater than the USCG discharge standard of <10/m3. For the three test cycles, the discharge concentration of live organism were 311, 416 and 190 per cubic meter. Live organism densities in treatment discharge for the ≥ 10 μm and < 50 μm size class met the USCG discharge standards for all three test cycles. On average, there was a 96% reduction in total culturable heterotrophic bacteria in comparison to the control discharge. Again, there were elevated concentrations of all classes of disinfection byproducts measured in treatment discharge as compared to control discharge.

Each of the test cycles of the JFE BallastAce® BWMS operated using TG BallastCleaner® at a target TRO of ~ 20 mg/L met the USCG discharge standard for live organism densities in both the ≥ 50 μm, and ≥ 10 μm < 50 μm size classes after the two-day holding time. On average, there was a 99% reduction in total culturable heterotrophic bacteria compared to the control discharge. There were substantially elevated concentrations of all classes of disinfection byproducts measured in the treatment discharge as compared to the control discharge, with the exception of the bromate ion. The chlorate ion had the highest measured concentration in treatment discharge, with an average of 1,410 μg/L. The total trihalomethanes was the second highest class of disinfection byproducts with an average concentration of 459 μg/L.

In summary, only the JFE BallastAce BWMS operated using the TG BallastCleaner® at a target TRO concentration of approximately 20 mg/L was able to achieve the USCG discharge standard for living organisms.

Alfa Laval PureBallast®

From August through October 2010, GSI conducted land-based testing of three prototype versions of the UV-based Alfa Laval PureBallast® BWMS to evaluate performance against the USCG ballast water discharge standard (GSI, 2011). One version (i.e., Version 1) of the PureBallast® BWMS received Type Approval by Det Norske Veritas (DNV) on behalf of the Norwegian Administration in June of 2008, following successful land-based testing at the Norwegian Institute of Water Research (NIVA). This version included filtration at 50 μm and 20 UV lamps per one advanced oxidation treatment (AOT) reactor containing a catalyst. The second version (i.e., Version 2), designed to conserve power relative to the first, was undergoing IMO certification testing, and had completed successful land-based tests at NIVA immediately prior to testing at GSI. Version 2 was modified from Version 1 to enhance energy efficiency, including automatic backflush filtration during ballasting at either 40 μm or 50 μm and combined 12 lamps per one AOT reactor containing a catalyst. The third version (i.e., Version 3) was a hybrid Versions 1 and 2, combining a 40 μm filtration system from Version 2 with the 20-lamp AOT reactor and catalyst of Version 1.

GSI planned to test Version 2 of the Alfa Laval PureBallast® BWMS consistent with IMO G8 and G9 guidelines for its ability to: (a) successfully treat ballast water without interruption, (b) meet IMO D2 discharge standards after a five-day holding time, and (c) discharge water after the five-day holding time with no residual toxicity. Additional research and development testing of the Version 1 system was also planned. However, both Versions 1 and 2 encountered mechanical problems with the filtration units, and therefore no valid trials meeting IMO and ETV threshold conditions were completed. Instead, GSI tested Version 3 under GSI source water conditions that are less challenging than those required by IMO and ETV, strictly for research and development purposes. In addition, the density of living organisms in treatment and control tanks were evaluated 24-hours post discharge to determine any delayed effects of the BWMS.

Alfa Laval’s PureBallast® Version 3 BWMS performed without interruption during the first two trials under less challenging conditions than required by IMO and ETV. During the third and final trial, the filter system failed and the trial was stopped and restarted under ambient Duluth-Superior Harbor conditions. The results of the trials showed the Version 3 Alfa Laval PureBallast® filtration and UV disinfection system can reduce E. coli and enterococci to less than the USCG discharge levels in ambient waters of a Great Lakes harbor. The system was not effective at reducing live organism densities in the two regulated size classes below USCG numeric levels, even though intake organism densities in the Great Lakes harbor water were well below IMO and ETV challenge conditions. Table 12‑9 shows the bacteria levels measured in the intake and discharge after treatment, and Table 12‑10 shows the live phytoplankton densities measured in the intake and following treatment with the of Alfa Laval’s PureBallast® BWMS at GSI.

		[bookmark: _Ref482354507]Table 12‑9. Bacteria Levels (Average + SEM) in Intake, Control and Treatment Discharges During Three Trials of the Alfa Laval PureBallast® at GSI



		Microbial Organism

		Sample

		Trial A

		Trial B

		Trial C

		Summary

(n = 3)



				Total Coliform Bacteria

(MPN/100 mL)







		Intakea

		288 ± 13

		305 ± 37

		246 ± 24

		280 ± 18



		

		Control Dischargeb,c

		177 ± 22

		207 ± 34

		153 ± 13

		179 ± 16



		

		Treatment Dischargec

		<1

		<1

		<1

		<1



		E. Coli

(MPN/100 mL)

		Intakea

		38 ± 4

		65 ± 0.4

		116 ± 16

		73 ± 23



		

		Control Dischargeb,c

		24 ± 2

		33 ± 4

		52 ± 2

		37 ± 8



		

		Treatment Dischargec

		<1

		<1

		<1

		<1



				Enterococci (MPN/100 mL)







		Intakea

		39 ± 4

		50 ± 3

		38 ± 9

		42 ± 4



		

		Control Dischargeb,c

		14 ± 4

		23 ± 2

		27 ± 7

		21 ± 4



		

		Treatment Dischargec

		1 ± 0

		<1

		<1

		<1





Source: GSI, 2011.

SEM: Standard error of the mean.

a - Intake water from the Duluth-Superior harbor.

b - Control by-passes the treatment system and channels water directly into a matched control retention tank.

c - Hold time for control and treated water is 48 hours.



		[bookmark: _Ref482354560]Table 12‑10. Live Plankton Densities (Average ± SEM) within Regulated Size Classes in the Intake, Control and in Treatment Discharge During Three Trials of the Alfa Laval PureBallast® at GSI



		Live Organism Size Category

		IMO G8 Guidelines

		Sample

		Trial A

		Trial B

		Trial C

		Summary

(n = 3)



				≥ 50 μm (#/m3)







		>100,000

		Intakea

		20,086

		44,787

		15,745

		26,872 ± 9044



		

		>100

		Control Dischargeb,c

		34,020

		75,071

		19,893

		42,995 ± 16,549



		

		<10/m3

		Treatment Dischargec

		445

		1871

		524

		947 ± 463



		≥10 and < 50 μm (#cells/mL)

		>1000

		Intakea

		399

		687

		221

		433 ± 136



		

		>100

		Control Dischargeb,c

		393

		721

		308

		474 ± 126



		

		<10 /mL

		Treatment Dischargec

		74

		171

		36

		94 ± 40a





Source: GSI, 2011.

SEM: Standard error of the mean

a - Intake water from the Duluth-Superior harbor.

b - Control by-passes the treatment system and channels water directly into a matched control retention tank.

c - Hold time for control and treated water is 48 hours.



GSI believed the system failed to achieve the USCG numeric discharge standards due to the filters’ ineffectiveness at removing filamentous algal forms in Duluth-Superior Harbor water. In addition, very low ambient UV transmittance of Duluth-Superior Harbor water (naturally caused by tannins) at the time of testing likely inhibited the effectiveness of the UV disinfection unit. GSI feels these two conditions may have accounted for differences between the testing results of the PureBallast® BWMS at GSI versus NIVA.

BWMS Using Only Filtration

GSI evaluated the performance of eight commercially available filter systems to (1) provide reliable information on operational and biological performance in freshwater under controlled conditions and to support limited performance comparisons between filter systems; (2) explore any trade-offs between operational and biological performance endpoints; and (3) determine filter system improvements needed for freshwater BWMS (GSI, 2014). The eight commercially available filtration units tested covered a range of technologies and nominal pore sizes, and each filter unit was subjected to four test cycles operated for a duration that provided a throughput volume of three times the design flow rate (i.e., three unit volumes). The intake water for the first two unit-volumes was ambient Duluth-Superior Harbor water, while the third unit-volume was amended to achieve a minimum concentration of 24 mg/L total suspended solids (TSS) in the intake water.

Analysis of the GSI filter system performance data shows that regardless of filter pore size, no system can achieve the IMO or USCG numeric discharge standards. Average filter influent and effluent data across all filter pore sizes for the three organism types and sizes is shown in Table 12‑11. According to GSI, the soft-bodied microzooplankton which makeup the majority of zooplankton in Duluth-Superior Harbor that straddle the 50-um size range were the most difficult to remove by filtration. Macrozooplankton, which are the least numerous in Duluth-Superior Harbor, were the easiest to remove by filtration.

[bookmark: _Ref478458130]Table 12‑11. Performance of Commercially Available BWMS Filters at Removing Organisms Present in Duluth-Superior Harbor Water

		Organism

		Pre-Filtration

		Post Filtration

		Percent Removal



		Protists >10 to < 50 um

		3,280/ml

		1,770/ml

		46%



		Microzooplankton > 50 um

		385,000/m3

		65,600/m3

		83%



		Macrozooplankton >50 um

		51,700/m3

		3,200/m3

		94%





Source: GSI, 2014.



GSI’s findings are consistent with other researchers who studied the performance of BWMS filtration systems in the Great Lakes. In 2012, Briski et al. (2014) collected before and after filtration samples from a 40 um BWMS filtration unit installed on the M/V Richelieu, a 729-foot bulk carrier that typically operates in the Great Lakes and the Atlantic coast of North America. The three shipboard trials, conducted while the vessel was docked in Quebec City, Quebec and Sarnia, Ontario, and at anchor in Thunder Bay, Ontario, found filtration significantly reduced abundance of copepods and cladocerans, but not of juvenile dreissenid veligers and rotifers. Briski et al. (2014) concluded that filtration alters the relative abundance of zooplankton, but filtration alone does not reduce introduction risk of any taxonomic group due to the small juvenile stages and dormant eggs which can passed through BWMS filters.

Costs for BWMS Installation and Operation on Lakers

Concept level costs to retrofit BWMS onboard four classes of existing U.S. Lakers were reported by the USCG in 2013 (USCG, 2013b). Concept designs were first developed for each Laker that included conversion of ballast tanks, addition of new spaces and power generation and supply services, addition of either a filtration and UV or ozonation BWMS system for each ballast pump on distributed ballast systems, and installation of the components in several locations. The four classes of U.S. Lakers included in the concept level cost analysis included:

Intermediate to large capacity 1,000’ Laker with a BWMS for each ballast tank. Ballast systems in this class are comprised of 18 electric-motor driven pumps, with a capacity of 817.65 m3/hr each. The ballast piping system on the vessel is a series of discrete, distributed systems with one ballast pump for each wing tank, except for the forward port system, which handles both the port and the forepeak ballast tank.



Large capacity 1,000’ Laker with a single header-per-side and BWMS associated with each header. Ballast system includes two large electric motor-driven pumps on each side of the vessel (four total), with a combined capacity of 2,953 m3/hr. The ballast piping includes a header pipe leading down each side of the vessel (port and starboard) with branch lines to each ballast tank. Each main header is a 30” diameter pipe for the most of the length that tapers to a 16” diameter at the forward extreme and the forepeak tank.



Older, small capacity 700’ to 800’ Laker with two ballast pumps (port and starboard) and individual ballast piping to each tank and a BWMS associated with each ballast pump. Ballast systems in this class include one large electric motor driven pump on the port and starboard sides of the vessel (two total), with a combined capacity of 4,770 m3/hr (2,385 m3/hr each). The ballast system is augmented by one smaller electric motor driven pump on each side of the vessel (two total), with a combined capacity of 908 m3/hr (454.2 m3/hr each). The ballast piping system is a manifold and single line per ballast tank type. Single lines lead down each side of the vessel in the ballast tanks in a raft of pipes. Each manifold serves nine separate ballast tanks.



Newer, intermediate capacity 800’ – 900’ Laker with a single header per side and a BWMS associated with each header. Ballast systems in this class include two large hydraulically driven pumps on each side of the vessel providing a total capacity of 6,360 m3/hr (3,180 m3/hr each). The ballast piping system consists of a single header leading down each side of the vessel (two total) and located in the ballast tanks with branch lines to each tank. The main header is a 24” diameter pipe for most of the length, but tapers to a 12” diameter at the forward extreme and the forepeak tank. Each ballast tank is fitted with a 12” diameter branch line and remotely controlled, powered valve located in the unloading tunnel and suction box.



Except for the small river-class bulk carriers, these Lakers represent the majority of the U.S. fleet.

Retrofitting each of these existing Lakers with either a filtration and UV, ozonation, or filtration and chemical addition BWMS requires structural changes and mechanical modifications to create space for the systems and to route ballast water piping to the systems. Electrical modifications include the installation of new diesel driven electrical generators, installation of new electrical panels to power the BMWS, and running conduit and wire to the new BWMS from the generators. Lastly, upgrades are required to integrate the BWMS controls with local control panels and with the vessels’ control systems in the engine room and possibly in the pilot house. USCG did not estimate costs for installing a BWMS onboard a new Laker. New Lakers can plan for a BWMS in their design and therefore circumvent the costly challenges of finding space, adding electrical capacity, and preventing ballast tank corrosion facing existing Lakers.

Table 12‑12 shows the estimated capital cost to install either a filtration and UV disinfection BWMS or an ozonation BWMS onboard the four Laker classes described above (USCG, 2013b). EPA adjusted the USCG $2013 costs to $2017 using the RSMeans Historical Cost Index of 3.6%. USCG reported costs for installation of a filtration and UV BWMS onboard the 1,000’ Lakers are expected to range between $11 and $12 million ($2017) depending on the vessels’ ballast piping configuration. Costs for installation of a BWMS that uses ozone are expected to range between $6.5 and $8 million ($2017) on the 1,000’ Lakers and between $3.6 and $6.6 million ($2017) on the smaller classes of Lakers. The installed costs shown in Table 12-12 do not account for revenue lost due to the vessel being in lay-up during installation of the BWMS, which could take an entire year depending on complexity. In addition, USCG assumed the existing ballast pumps on Lakers can provide sufficient flow to the ballast tanks after the BWMS is installed. If operation of the BWMS results in a decreased flow rate to the ballast tanks that decreases cargo off-loading rates, then new ballast pumps would be required. Costs for new, larger ballast pumps are not included in the costs presented in Table 12‑12.

Although capital costs are less for BWMS that use ozone due their smaller footprint, Table 12‑13 does not account for the cost of recoating the tanks needed to prevent accelerated corrosion caused by addition of ozone (or other corrosive disinfecting chemicals) to ballast water. The USCG study (USCG, 2013b) recognized the potential corrosion issue for U.S. Lakers in their cost analysis and stated:

“The potential for increased rates of corrosion in ballast tanks is a significant potential side effect of some BWT systems. Lakers may be particularly sensitive to increased corrosion, as anti-corrosive coatings are not commonly applied due to the relatively low rates of natural steel corrosion in freshwater. The ABS Ballast Water Treatment Advisory notes that there is little conclusive data or long-term field experience validating the corrosion effects on ballast tanks of the various BWT technologies. Replacement and vigilant maintenance of ballast tank coatings may be required in some instances.”



Fincantieri Bay Shipbuilding cost estimators indicated the cost for cleaning, completing skip welding, rounding steel edging and epoxy coating the inside of ballast tanks to prevent corrosion could range from $15 million to $20 million per U.S. Laker ($2017) and would require the vessel be out of service for an entire year (LCA, 2017a). This estimate is consistent with the costs estimated by CBS (2017). CBS (2017) estimated costs for cleaning, completing skip welding, rounding steel edging and coating the inside of the ballast tanks on the 1,000-foot M/V Mesabi Miner and 1,000-foot M/V Indiana Harbor at $15.2 and $18.9 million ($2017), respectively.  

TC conducted a study to evaluate the feasibility and costs of installing BWMS onboard Lakers (TC, 2015) and this study concluded that installation of filtration and UV, ozone, or chemical injection BWMS onboard Lakers is feasible, but neither easy nor inexpensive. TC estimated that costs for a self-unloading, 1,000’ Laker to install a filtration and UV BWMS were approximately $7.5 million ($2017)[footnoteRef:16]. Costs for a Laker to install an ozone BWMS on board a self-unloading 1,000’ Laker were estimated to be $7.4 million ($2017). TC found that chemical addition-based BWMS systems provide the lowest installation costs for vessels with higher ballasting rates (>600 m3/hour), and that UV-based BWMS have the lowest installation costs for vessels with a lower ballasting rates. [16:  Costs adjusted from 2015 to 2017 based on RSMeans Historical Cost Index.] 


Comparing the costs developed by USCG (USCG, 2013b) with the costs developed by TC (TC, 2015) for similar vessels shows that the costs are similar for filtration and UV and ozone BWMS. USCG estimated cost to install a filtration and UV system on a Laker having 18 separate ballast tanks and pumps is $11.3 million ($2017) while TCs cost for a filtration and UV system on a similar vessel is $12.5 million ($2015). USCG estimated the installed cost of an ozone system to be $8.1 million ($2017) and TC estimated the cost to be $8.3 million ($2015). Although TC evaluated the feasibility and costs for installation of ozone and chemical addition systems, they did not provide costs for coating ballast tanks but did acknowledge potential corrosive effects of these chemicals. Canadian Lakers are built with coated steel ballast tanks for use in brackish and salt-water and therefore would not incur the high cost of cleaning and coating tanks that U.S. Lakers would be required to spend if ozone or chlorine based disinfectants are used.

CBS estimated the costs for installation of filtration and chlorine dioxide BWMS on the two 1,000-foot classes of Lakers[footnoteRef:17] and filtration and UV BWMS on three smaller classes Lakers (CBS, 2017). Table 12-13 shows the costs for installation of BWMS on these classes of Lakers (CBS, 2017). The costs for installation of a filtration and chlorine dioxide BWMS are nearly an order-of-magnitude higher than a filtration and UV BWMS due to the high cost of cleaning and coating the ballast tanks to prevent corrosion.  CBS (2017) decided a filtration and chlorine dioxide BWMS was the best option for these vessels since electrical power was not available to operate UV disinfection units and additional electrical generators would be required; however, they did not further evaluate the feasibility of alternative approaches requiring installation of additional generator capacity.   [17:  The two 1,000-foot classes of Lakers are 1) those with separate ballast systems per ballast tank (e.g., 18 ballast systems), and 2) those with a single header pipe running port and starboard from ballast pumps located in the aft section of the vessel.  ] 


The costs for installation of filtration and UV BWMS developed by CBS (2017) are half the costs that USCG estimated for similar capacity systems.  For example, CBS (2017) estimated the cost to install a filtration and UV system onboard the 233.8-meter Str. Arthur Anderson is $3.86 million while the USCG estimated cost to install a filtration and UV system for a similar size vessel to be $9.24 million ($2017). A large portion of the differences between the USCG estimate and the CBS estimate are attributed to the cost for purchase and installation of the BWMS.  USCG (2013b) estimated cost for purchase of the system and its physical installation at approximately $4.5 million ($2017) while CBS (2017) estimated the cost at $1.7 million.  USCG also assumed the vessel would need an additional 385 kW of electrical power provided by a new marine generator at an installed cost of $602,000 ($2017).  CBS (2017) found the vessel had sufficient electrical power and did not need an additional electrical generator. Lastly, USCG (2013b) estimated engineering, shipyard support services and contingency at nearly $2.6 million ($2017) while CBS (2017) estimated these costs to be $715,000. Further details regarding development of these individual costs were not provided by either USCG (2013b) or CBS (2017).

Operating and maintaining (O&M) costs associated with BMWS onboard Lakers include skilled labor for operation, fuel to power generators that provide electricity to the systems, spare/replacement parts, materials such as chemicals, on-going maintenance and repair, and compliance verification. CBS (2017) estimated annual O&M costs for various sizes of Lakers operating either filtration and chlorine dioxide or filtration and UV. The costs are shown in  Table 12‑14. Annual O&M costs are expected to range as low as $430 per voyage to as high as $6,340 per voyage depending on the ballast capacity of the vessel, available power, and the type of BWMS installed.

One cost item that is expected to be unique to Lakers compared to other types of ocean-going vessels is the impact of reduced cargo capacity. Because of the lack of available space, Laker owners would likely be required to create space for BWMS’s from either cargo holds or ballast tanks, both of which will reduce the cargo-carrying capacity of the vessel. To estimate the reduction in the amount cargo a Laker would carry after installation of a BWMS, EPA converted the approximate space needed to install and operate a BWMS on various sizes of U.S. and Canadian Lakers to tons of taconite pellets, bituminous coal, and crushed limestone. EPA then compared the estimated amounts of displaced cargo to the total cargo capacity of vessels before BWMS installation. The findings of this analysis are presented in Table 12‑15 for various U.S. and Canadian Lakers that were selected to represent the entire Laker fleet.

The BWMS equivalent shown in Table 12-15 is based on the space required to install an Alfa Laval filtration and UV treatment system (see Table 12‑5). The information in Table 12‑15 indicates that installation of a filtration and UV BWMS could reduce the average cargo capacity of Lakers by 2.5% when hauling taconite pellets, by 1.0% when hauling bituminous coal, and by 1.8% when hauling limestone. CBS (2017) found similar results and reported a reduction in cargo space ranging from 1.3% to 2.5% after installation of a BWMS. Based on a total of 40,865,000 tons of iron ore moved by Lakers in 2015 (LCA, 2016b), a decrease of 2.5% resulting from installation of a filtration and UV BWMS on all Lakers could decrease annual iron ore shipments on the Great Lakes by 1,022,000 tons. The annual loss of revenue attributed to the decreased cargo carrying capacity could not be calculated since shipping rates ($/ton) were not available.

The rough estimate of the reduction in cargo hauling capacity shown in Table 12‑15 should be considered a maximum. If space for all or a portion of the filtration and UV BWMS can be obtained from locations other than the cargo holds or ballast tanks, then less cargo hauling space would be impacted. Filtration and UV BWMS are also expected to have the largest space requirements and therefore the greatest impact on the Lakers cargo hauling capacity. BWMS that use ozone or other chemicals for disinfection can be placed in locations that do not impact ballasting or cargo capacity (e.g., weather decks) and therefore their impact on cargo capacity will be less.
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[bookmark: _Ref478458149]Table 12‑12. Estimated Capital Costs for Various Classes of Lakers to Install Either Filtration/UV or Ozonation BWMS

		Item Description

		Laker Class #1a

		Laker Class #2b

		Laker Class #3c

		Laker Class #4d



		

		Filtration and UV

($2017)

		Ozonef

($2017)

		Filtration and UV

($2017)

		Ozonef

($2017)

		Filtration and UV

($2017)

		Ozonef

($2017)

		Filtration and UV

($2017)

		Ozonef

($2017)



		Project Management and Administration

		$441,000

		$329,000

		$917,000

		$436,000

		$502,000

		$320,000

		$327,000

		$261,000



		Structure

		$716,000

		$574,000

		$567,000

		$727,000

		$523,000

		$324,000

		$347,000

		$334,000



		Electrical System

		$1,874,000

		$1,029,000

		$1,102,000

		$803,000

		$602,000

		$154,000

		$921,000

		$771,000



		Electronics and Integrated Control Systems

		$93,000

		$93,000

		$22,000

		$17,000

		$436,000

		$41,000

		$16,000

		$14,000



		Auxiliary Systemse

		$4,811,000

		$3,481,000

		$6,101,000

		$2,655,000

		$4,546,000

		$1,568,000

		$4,057,000

		$3,143,000



		Outfitting

		$87,000

		$122,000

		$68,000

		$68,000

		$61,000

		$64,000

		$171,000

		$159,000



		Integration and Engineering

		$737,000

		$544,000

		$674,000

		$442,000

		$707,000

		$331,000

		$770,000

		$566,000



		Shipyard Support Services

		$856,000

		$615,000

		$751,000

		$376,000

		$453,000

		$232,000

		$366,000

		$309,000



		Contingency @ 18% of Items Above

		$1,731,000

		$1,222,000

		$1,836,000

		$994,000

		$1,409,000

		$546,000

		$1,255,000

		$1,000,000



			Total Installed Cost

		$11,346,000

		$8,009,000

		$12,038,000

		$6,518,000

		$9,239,000

		$3,580,000

		$8,230,000

		$6,557,000





Source: USCG, 2013b.

a - Intermediate to large capacity 1,000’ Laker with a BWMS for each of the 18 ballast tanks.

b - Large capacity 1,000’ Lake with a single header-per-side and BWMS associated with each header.

c - Older, small capacity 700’ to 800’ Laker with individual ballast piping to each tank and a BWMS associated with each port and starboard ballast pump (2).

d - Newer, intermediate capacity 800’ – 900’ Laker with a single header per side and a BWMS associated with each header.

e - Auxiliary systems include the ballast water filter assemblies, UV reactors or ozone generators, backwash pumps for filters, heating system and ventilation fans and ducting in new mechanical space(s), fire dampers, water-tight enclosure equipment, carbon dioxide fire suppression system in new mechanical space, ballast piping valves and fittings, etc. 

f – Costs do not include cleaning and coating of ballast tanks to prevent corrosion by ozone.
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		[bookmark: _Ref482353876]Table 12‑13. Estimated Cost for Installation of BWMS on Board Various Lakers



		Vessel

		Length (m)

		Ballast Capacity (m3)

		Ballasting Rate (m3/hr)

		BWMSa

		BWMS Installed Cost ($2017)



		M/V Indiana Harbor

		304.8

		62,179

		11,812

		Filtration and chlorine dioxide

		$31,602,000b



		M/V Mesabi Miner

		304.8

		44,592

		14,719

		Filtration and chlorine dioxide

		$36,320,000b



		Str. Arthur Anderson

		233.8

		17,247

		4,770

		Filtration and UV

		$3,860,000



		M/V H. Lee White

		214.6

		21,982

		6,356

		Filtration and UV

		$4,536,000



		Barge Innovation 

		140.2

		7,632

		2,728

		Filtration and UV

		$2,189,000





	  Source:  CBS, 2017.

a - Filtration and chlorine dioxide BWMS were selected when the vessel did not have available electrical power to operate filtration and UV BWMS.

b - Includes costs for cleaning and coating of ballast tanks to prevent corrosion. 





		[bookmark: _Ref482353794]Table 12‑14. Estimated Annual BWMS O&M Cost for Various Lakers



		Vessel

		Typical Voyages Per Year

		Length (m)

		Ballast Capacity (m3)

		Ballasting Rate (m3/hr)

		BWMS a

		Annual O&M Cost (2017 $/yr)b

		Cost per Voyage

(2017$)



		M/V Indiana Harbor

		53

		304.8

		62,179

		11,812

		Filtration and chlorine dioxide

		$336,000

		$6,340



		M/V Mesabi Miner

		53

		304.8

		44,592

		14,719

		Filtration and chlorine dioxide

		$265,500

		$5,010



		Str. Arthur Anderson

		140

		233.8

		17,247

		4,770

		Filtration and UV

		$60,100

		$430



		M/V H. Lee White

		85

		214.6

		21,982

		6,356

		Filtration and UV

		$166,000

		$1,950



		Innovation (barge)

		140

		140.2

		7,632

		2,728

		Filtration and UV

		$168,000

		$1,200





Source: CBS (2017).

a - Filtration and chlorine dioxide BWMS were selected when the vessel did not have available electrical power to operate filtration and UV BWMS.

b - Annual O&M cost includes annual parts and consumables, labor, fuel and compliance verification.
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[bookmark: _Ref478458244]Table 12‑15. Loss of Cargo Capacity Due to BWMS Installation on Various U.S. and Canadian Lakers

		Vessel

		Vessel Lengtha (ft)

		Vessel Cargo Capacitya (tons)

		BWMS Equivalentb of Taconite Pellets (tons)c

		BWMS Equivalentb of Coal (tons)d

		BWMS Equivalentb of Limestone (tons)e

		Percentage Loss of Taconite Capacity Due to BWMS

		Percentage Loss of Coal Capacity Due to BWMS

		Percentage Loss of Limestone Capacity Due to BWMS



		Paul R. Tregurtha

		1,013.5

		76,160

		3,200

		1,310

		2,290

		4.2%

		1.7%

		3.0%



		Edwin H. Gott

		1,004

		82,992

		1,520

		620

		1,080

		1.8%

		0.7%

		1.3%



		Indiana Harbor

		1,000

		90,608

		1,300

		530

		930

		1.4%

		0.6%

		1.0%



		Roger Blough

		858

		49,168

		1,830

		740

		1,300

		3.7%

		1.5%

		2.6%



		John G. Munson

		768

		28,616

		650

		260

		460

		2.3%

		0.9%

		1.6%



		Algoma Enterprise (Canadian)

		730

		33,854

		650

		260

		460

		1.9%

		0.8%

		1.4%



		Joseph L. Block

		728

		41,664

		650

		260

		460

		1.6%

		0.6%

		1.1%



		Wilfred Sykes

		678

		24,080

		650

		260

		460

		2.7%

		1.1%

		1.9%



		Innovation (Barge)

		460

		17,600

		350

		140

		250

		2.0%

		0.8%

		1.4%



		Algoma Metis (Canadian)

		331

		5,800

		200

		80

		140

		3.4%

		1.4%

		2.4%





a - U.S. Laker length and cargo capacity provided by LCA (2016a). Canadian Laker length and cargo determined from LeLievre, 2014.

b - BWMS Equivalent is the volume required to house the filtration and UV BWMS converted to the amount of cargo (tons) that could occupy the space if no BWMS was installed.

c - Density of taconite pellets ranges between 116 and 130 lbs/ft3. (Tapco, 2009)

d - Density of bituminous coal ranges between 45 and 55 lbs/ft3. (Tapco, 2009) 

e -Density of crushed limestone ranges between 85 and 90 lbs/ft3. (Tapco, 2009)
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Status of Laker BMPs

[bookmark: _GoBack]The 2013 VGP exempted Lakers built before 2009 from having to achieve numerical discharge standards for ballast water and instead included BMPs at Part 2.2.3.4 of the VGP to help prevent the spread of ANS throughout the Great Lakes. The BMPs for Lakers include:

Perform an annual inspection to assess sediment accumulations in ballast tanks and if necessary remove and dispose of the sediment in accordance with their Ballast Water Management Plan;



Perform an annual inspection of the sea chest screens to assure that they are fully intact and there is no deterioration which has resulted in wider openings or holes in the screens that would allow large organisms to enter; and



Take on the minimum amount of ballast water needed to safely depart the dock and then complete ballasting in deeper water (USEPA, 2013).



Lakers must also comply with the ballast water BMPs provided at Part 2.2.3.3 of the permit that are required for all vessels were feasible.

According to LCA (2017a), Lakers are performing an annual assessment of the amount of sediment in ballast tanks and an annual inspection of side sea chests during winter lay-up. In addition, most of the smaller Lakers (e.g., less than 1,000’ long) that ballast in shallow harbors and rivers have moved their sea-chests to the side of the hull to avoid sediment intake that was common with bottom sea chests. The large 1,000-foot Lakers still use bottom sea chests for ballasting; however, these vessels are too large to enter shallow harbors and rivers and therefore concerns with sediment intake are much less. Lakers always pump rather than gravity drain ballast water because the rate of cargo loading exceeds the rate of gravity ballast water draining. In addition, levels in ballast tanks can be below the ambient water line which would cause flooding of the vessel if ballast pumps and block valves are not used.

Loading a reduced amount of ballast water at the dock, and then completing ballasting in deeper water, is not being performed by Lakers according to LCA (2017a). According to LCA, ballast water must be loaded while at the dock to compensate for the weight of cargo being unloaded to prevent localized stresses on the vessel. In addition, the vessel needs to ballast at the dock to maintain sufficient draft to keep the vessels’ propellers submerged. Figure 12‑19 is a photograph of the aft portion of a Laker in winter lay-up in Sturgeon Bay, Wisconsin without any ballast water on-board. The photograph shows only one-half of the propeller is below the water line, and a large portion of the rudder is exposed. Without ballasting at the dock, the vessel would not have full use of its propulsion or steering systems.

[image: ]

Photo curtesy of LCA, 2017a

[bookmark: _Ref478459592]Figure 12‑19. Laker in Winter LayUp with No Ballast or Cargo On-Board Exposing the Propeller and Rudder

Great Lakes Summary

Each year, approximately 200 unique vessels arrive in the Great Lakes from overseas ports (Salties) and discharge nearly 50 million metric tons of ballast water. These vessels are currently required to conduct open-ocean BWE to flush coastal and freshwater organisms from tanks and create a salinity barrier that further reduces the chances for survival for those that remain. Although BWE appears to have reduced the total number of new ANS entering the Great Lakes, the literature suggests the process is not 100 percent effective, especially for organisms in certain life stages, or those that remain in trapped ballast tank sediments. Studies indicate that BWE plus treatment further reduces the chances that a new freshwater organism will reach the Great Lakes when compared to BWE alone, and that BWE plus treatment provides a further safeguard if the BWMS malfunctions.

Salties that enter the Great Lakes often load and discharge Great Lakes ballast water when moving between Great Lakes ports. For Salties with BWMS that use electrochlorination for disinfection, the vessels must bunker saltwater prior to entering the Great Lakes to provide a supply for chlorine generation. Others which use USCG type-approved filtration and UV disinfection systems and have a minimum retention time following treatment may have to delay cargo loading operations since many of the voyage times between Great Lakes ports are less than the minimum retention times for the type approved BWMS. These factors will play into the decisions that must be made when an overseas vessel enters the Great Lakes and must ballast to move safely between ports.

US and Canadian Lakers are a small class of vessels that have unique issues regarding the installation and operation of a BWMS. U.S. Lakers operate exclusively in cold freshwater and most voyages are shorter than 72 hours, preventing the use of BWMS that require extended holding times to be effective. Canadian Lakers operate in the freshwater of the Great Lakes and the brackish and marine waters of the SLSS, however they too can have short voyages between ports, preventing the use of BWMS that required extended holding times to be effective. Unlike Canadian Lakers, U.S. Lakers have bare (i.e., uncoated) steel ballast tanks; therefore, the use of BWMS that require the addition of disinfection chemicals may increase the rate of corrosion to levels that would require steel replacement in less than 25 years. Coating the insides of ballast tank on U.S. Lakers can be done; however, costs are high, and the vessel would be taken out of service for an entire sailing season. Using filtration and UV BWMS can avoid the corrosion concerns; however, testing of a filtration and UV BWMS in Duluth-Superior Harbor using ambient Great Lakes water failed to achieve the USCG and IMO numeric standards, in part, because the types of organisms present in the Great Lakes can more easily pass through BWMS filters and the potential for naturally occurring tannins to reduce UV light transmittance.

Space needed to accommodate BWMS because of the unique ballasting characteristics of Lakers adds further challenges. Both U.S. and Canadian Lakers are designed to maximize the amount of bulk cargo that can be carried; therefore, little to no space is available in the engine room or around the self-unloading equipment for a BMWS. Space in cargo holds and ballast tanks can be made available, but both options reduce the vessel’s cargo hauling capacity. Also, electrical capacity on Lakers have been sized to accommodate the self-unloading equipment. Self- unloading equipment would be operated at the same time as the BWMS, and therefore additional electrical generators may be required to operate BWMS. Lastly, the combined U.S. and Canadian Laker fleet is less than 150 vessels compared to the tens-of-thousands of other ocean-going vessels that may require a BWMS when the IMO Convention comes into force. Vendors of BWMS are not likely to expend significant time and resources to advance systems like filtration and UV disinfection for such a small percentage of the world-wide fleet, leaving the owners of Lakers with no alternative to selecting a commercially available system that may not achieve the numeric ballast water discharge standards once installed and operated on the Great Lakes.
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Current State of Ballast Water Management

Technical Development Document	Section 4


Ballast Water Best Management Practices

Introduction

Achieving compliance with permit requirements for ballast water management focuses on treatment that physically removes and/or kills living organisms, or best management practices (BMPs) that are intended to reduce the uptake of organisms though management of the rate, pattern or location of ballast water intake or discharge to reduce the risk of establishment (USEPA, 2011). In implementing the CWA, EPA identified BMPs as schedules of activities, prohibitions of practices, maintenance procedures, and other management practices to prevent or reduce the pollution of waters of the United States. BMPs can also include treatment requirements, operating procedures, and practices to control runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material storage.[footnoteRef:2] BMPs can be either nonstructural or structural. Structural BMPs generally refer to a stationary and permanent BMP that is designed, constructed and operated to prevent or reduce the discharge of pollutants. Non-structural BMPs refer to a suite of management options to avoid and/or minimize the generation of pollutants and include items such as following operating procedures, providing employee awareness and training, conducting routine inspections, and adhering to scheduled preventative maintenance programs. BMPs can be applied to both nonpoint and point sources of water pollution and can be employed as part of either regulatory or voluntary programs. [2:  Definition of BMPs included in 40 CFR § 122.2 dated July 1, 2016.] 


Vessel owners and operators have a variety of structural and non-structural BMPs available to help prevent or reduce the spread of living organisms via ballast operations. Examples of structural BMPs include sea-chest screens to prevent large organisms from entering ballast tanks, using ballast water intake sea chests that are on the side of the hull rather than the bottom to minimize sediment intake, and pumping ballast water rather than gravity draining during discharge to macerate organisms by pump impellers. Examples of non-structural BMPs include adhering to policies and procedures in ballast water management plans, making crew members aware of the importance of minimizing ballasting in areas with naturally high levels of suspended sediments, or inspecting ballast tanks on a regular basis to evaluate sediment build-up.

For ballast water discharges, technology based effluent limits (TBELs) for living organisms generally are based on the performance of BWMS. If the TBELs are insufficient to attain or maintain water quality standards, the CWA requires permits to include additional water quality based effluents (WQBELs). The WQBELs, which supplement the TBELs, are based on the amount and kind of pollutants in the water and may be narrative when the calculation of numeric limits is infeasible (40 CFR § 122.2(k)(3)). Because states have not established numeric water quality criteria for ANS, EPA is required to establish WQBELs that ensure compliance with narrative criteria, designated uses, and anti-degradation policies that comprise state water quality standards. The permit may then mandate BMPs to control pollution to achieve the narrative WQBELs (US Court of Appeals, 2015). 

The remainder of this section describes the BMPs available to vessel owners and operators to assist with achieving the narrative WQBELs for living organisms to prevent or reduce their introduction and spread.

Current Ballast Water BMPs

This section describes BMPs currently implemented and/or required for vessels that carry ballast water and provides information, where available, on their effectiveness at reducing the introduction and spread of ANS.

Ballast Water Management Plans

All vessels equipped with ballast water tanks are required to maintain a ballast water management plan (BWMP) that has been developed specifically for the vessel. Individuals responsible for ballast water management must understand and follow the vessel’s ballast water management plan (USEPA, 2013a; 33 CFR 151.2050(g); IMO, 2005). The plan provides the framework for ballast water management to minimize the transfer of ANS and incorporates practices and procedures that meet the requirements of port state authorities, maritime organizations, and company policies. The ballast water management plan should include the following (33 CFR 151.2050(g), Transport Canada, 2017a): 

Vessel details (name, flag, port of registry, gross tonnage, IMO number, length, beam, international call sign, deepest ballast drafts during normal and heavy weather operations, total ballast capacity);



A brief description of the main ballast water management method(s) used on the vessel;



A detailed description of the operation of the ballast water management system (BWMS) used on board;



Detailed safety procedures;



Actions for implementing the mandatory BWM requirements and practices including avoiding unnecessary discharge of ballast water and minimizing the uptake of harmful aquatic organisms, pathogens and sediments;



Detailed fouling maintenance and sediment removal procedures;



Procedures for coordinating the shipboard BWM strategy with Coast Guard authorities;



Identification of the designated officer(s) in charge of ensuring that the plan is properly implemented;



Detailed reporting requirements and procedures for ports and places in the United States where the vessel may visit; and



A translation of the plan into English, French, or Spanish if the vessel's working language is another language.

[bookmark: _Hlk485643345]

Analysis of the information contained in EPA’s 2013 VGP Annual Report database for 2015 found that of the 21,136 vessels having ballast water capacity greater than zero, 19,835 reported having a BWMP. Table 4‑1 shows the vessels by type that reported having a BWMP in 2015. This analysis indicates that nearly 94 percent of vessels having ballast capacity had a BWMP, while an additional 6 percent did not have a BWMP. 

		[bookmark: _Ref487446907]Table 4‑1.Commercial Vessels Having BWMPs 



		Vessel Type

		Number Reported Having a BWMP



		Barge

		3,843



		Bulk Carrier

		5,951



		Container and General Cargo

		3,781



		Other

		339



		Passenger Vessel

		202



		Tanker

		4,262



		Utility Vessel

		1,457



			Total

		19,835





Source: USEPA 2013 VGP annual report database.



Crew Training

Crew training for ballast water management can be classified into two categories: general awareness training and procedural-specific training. General awareness training is provided to all crew members and includes an overview of the environmental concerns with ANS transfer in ballast water, the international, federal and state regulatory requirements, and the ballast water management practices in-place on the vessel (including ballast water treatment) to comply with the ballast water regulations. 

Ship-specific procedural training for operation of the BWMS should be provided to crew members and the chief engineer responsible for operation of the system.  Initial classroom training should be provided with pre-prepared presentations that review safety procedures, an introduction to the system, the interface the crew will use to operate the system (human-machine interface screens), and an overview of system operation (Ecochlor, 2017).  Hands-on ship-specific training on operation of the treatment system is then typically provided for one 8-hour period during commissioning of the system.  The 8-hour training should be conducted during sea-trials using actual ambient ballast water that will be encountered during the vessels operation rather than pumping water between tanks while in the shipyard (Trojan Marinex, 2017).  A ship-specific, detailed BWMS operating and maintenance manual (O&M manual) that is updated after the installation should remain on-board the vessel after commissioning (ABS, 2017). Ship owners should also consider purchasing a second on-board training session from the BWMS vendor approximately 6 to 8 months after the system is commissioned to allow the vendor to assess the system operation and to answer any additional questions the crews may have developed since the initial training.   

	Since vessel crews rotate, it’s important that new crew members that were not present during the commissioning training are also provided training.  BWMS vendors have developed computer-based training programs that each member of the crew must complete before operating the system.  This computer-based training is intended for use as new crew members join the vessel and for refresher training.  



Training programs should also include compliance sampling protocols.  Detailed instruction of proper sampling procedures, sample handling and record keeping should be provided by either the BWMS vendor or the vessel owners’ environmental staff.  Even if the vessel owner decides compliance sampling will be handled by a third-party, vessel crews are urged to familiarize themselves with the third party and understand their sampling processes and protocols (ABS, 2017).



[bookmark: _GoBack]Both general awareness and procedural-specific hands-on training should be provided as needed, but at least annually by either the BWMS vendor or the ship’s chief engineer. ABS (2017) also encourages the BWMS vendors to train technical managers in the shipyards or port. The technical managers can then pass along the training to shipboard crews. A computerized standardized test at the end of the training session should be provided to verify the crew members are retaining the information and to provide training records for each crew member (ABS, 2017).



Minimize Ballasting in Certain Locations

Ballasting in locations where known infestations of harmful organisms are present, where sewage is discharged, and where dredging operations are occurring can increase the probability that ANS enter ballast tanks. To avoid these situations, ship owners/operators can use publicly available information on specific ports to determine if vessels should limit ballast water uptake because combined sewage overflows (CSOs) are present, if an ANS has infected an area, or if the Corp of Engineers is conducting dredging. For example, most CSOs are found in the Northeast, the Great Lakes and the Pacific Northwest and their locations are published in EPA’s Report to Congress on the Impacts and Control of CSOs and SSOs (USEPA, 2004) and in EPA’s Report to Congress on CSOs into the Great Lakes Basin (USEPA, 2016a). During heavy rains, CSOs may discharge partially treated or untreated sewage into ports where ballast water is loaded. Vessel crews that are aware of potential CSO discharges should ballast only as much water as necessary to safely leave the harbor, and then complete ballasting when located in open water where CSO impacts are less likely to occur.

Vessel operators should also consider either not ballasting or taking on minimal ballast water to safely leave the port where ANS are present to prevent their further spread to unimpacted locations. Locations where ANS have established populations in the Great Lakes are available in the Great Lakes Aquatic Nonindigenous Species Information System (GLANSIS) (NOAA, 2017a). Locations on the California coast where ANS have established populations can be accessed from the California Non-native Estuarine and Marine Organisms (CAL-NEMO) database (Fononoff et al., 2017) and locations along all the U.S. coasts where ANS have established can be accessed from the Smithsonian Environmental Research Center’s National Exotic Marine and Estuarine Species Information System (NEMESIS) database (Fononoff et al., 2017). Unfortunately, no global synthesis of ANS hot-spots exists (Dawson, et al., 2017) that would allow ship owners and operators in all ports world-wide to determine where ballasting should be minimized.

Ship owners and operators should also minimize ballasting in locations where dredging operations are on-going and where naturally high levels of suspended sediments are present in the ambient water. Dredging operations are typically performed to remove accumulated sediments from river mouths and harbors to increase the water depth and allow safe passage of vessels. Dredging operations resuspend sediments into the water column where they may be drawn into ballast tanks. Ship owners should also minimize ballasting in locations such as river mouths and delta areas, or in locations that have been affected significantly by soil erosion from inland drainage areas. Suspended sediments caused by dredging or from runoff can harbor numerous living organisms that may be entrained into a vessels ballast tanks during ballasting. These organisms can survive in the ballast tank sediments (Bailey et al., 2005) and can be discharge at new locations when the vessel empties the ballast tanks.

Other locations where vessels should minimize ballast water uptake include areas where toxic harmful algae blooms (HABs) are on-going. Research has shown that taking up ballast water in areas affected by HABs, followed by deballasting in another location, can spread blooms to previously unaffected areas (Hallegraeff et al., 1992). HABs occur in the Gulf of Mexico when colonies of algae grow out of control while producing toxic or harmful effects on people, fish, shellfish, marine mammals, and birds. Algal blooms have more recently been reported in western Lake Erie caused by nutrients contained in agricultural runoff (NOAA, 2017b). The human illnesses caused by HABs, though rare, can be debilitating or even fatal (NOAA, 2017c). Vessel owners and operators can track the real-time regional locations of on-going HABs using NOAA’s on-line Harmful Algal Bloom Operational Forecast System (HAB-OFS), including their size, and where they are headed (NOAA, 2017d).

Ballasting in areas with low tidal flow should also be avoided, if possible. Low tidal flow allows organisms to accumulate in near-shore areas, and, depending on the volume of in-flow from freshwater sources, has the potential to create brackish or freshwater zones that could allow non-marine organisms to survive. Ballasting in these locations could result in large numbers of freshwater or brackish organisms entering ballast tanks. Ballasting during darkness should also be avoided, if possible, since planktonic organisms vertically migrate from the bottom sediments to the upper portions of the water column during darkness (Armengol et al., 2012; Haney et al., 1990).

Using High Sea Chests for Ballasting

Vessel sea chests provide an intake reservoir from which piping systems draw raw water for ballasting, engine cooling, fire protection, and other vessel uses. Most sea chests are protected by removable gratings or screens, and contain baffle plates to dampen the effects of vessel speed while underway. The intake size of sea chests can vary from less than 10 square centimeters to several square meters depending on the volume and rate of water that is withdrawn. The position of the sea chest on the vessel hull can vary from a few meters below the water line to the bottom of the vessel. In shallow river systems, ports, and harbors, sea chests located on the bottom of vessels can be within inches of the sediment bed and can easily withdraw sediments containing living organisms into the ballast tanks.

EPA conducted a study to determine (1) if water collected from lower in the water column has a higher concentration of total suspended solids (TSS) and particulate organic carbon (POC) than water collected from higher in the water column, and (2) if the suction created by the ballast pumps on Lakers increases sediment intake (USEPA, 2015a). The intent of this study was to validate the hypothesis that if Lakers located their sea chests to the side of the hull rather than the bottom of the vessel, less sediment and possibly living organisms would be entrained into the ballast tanks. The study found that pumping ballast water near the lake bed significantly increased the amount of TSS, POC and turbidity that would be drawn into ballast tanks when compared to pumping ballast water from higher in the water column as indicted in Figure 4‑1, Figure 4‑2 and Figure 4‑3. TSS and turbidity levels entering the pump intake within 1 foot of the lake bottom (depth of 22 feet) were more than 10 times greater than those at intake depths in the middle of the water column. POC concentrations in ballast water would more than double near the lake bed as compared to the middle of the water column. 

The study results also show that the vacuum action caused by the pump significantly increased TSS, turbidity, and POC as compared to the quiescent sampling technique employed using a Kemmerer sampler[footnoteRef:3]. Even near the lake bed, concentrations of TSS and turbidity in quiescent samples were more than 40 times lower than those in samples collected using the pump. POC concentrations in quiescent samples collected near the lake bed were 3 times lower than POC concentrations in samples collected using the pump at the same depth. [3:  Kemmerer sampler allows for the collection of a water sample from a discrete depth by closing a vertical cylinder suspended from a retrieval cord. Unlike a pump, the Kemmerer sampler can be lowered to a specific depth in the water column without disturbing bottom sediments or other suspended material. ] 




[bookmark: _Ref391638225][bookmark: _Toc417461416]Figure 4‑1. TSS Concentration (± 1 Standard Deviation) with Depth and Sampling Technique





[bookmark: _Ref391638230][bookmark: _Toc417461417]Figure 4‑2. Particulate Organic Carbon Concentration (± 1 Standard Deviation) by Depth and Sampling Method





[bookmark: _Ref412012631][bookmark: _Toc417461418]Figure 4‑3. Turbidity Concentration (± 1 Standard Deviation) by Depth and Sampling Method

[bookmark: _Ref381102476][bookmark: _Toc381110614][bookmark: _Toc381365092]For vessels such as Lakers, ballasting using high sea chests rather than low sea chests could have a significant impact on the amount of sediment entering ballast tanks. For example, large capacity thousand-foot class Lakers have a total ballast capacity of 62,000 metric tons (16,365,000 gallons) (USCG, 2013). If a Laker withdraws 62,000 metric tons of ballast water through their bottom sea chests at locations such as Burns Harbor, Indiana, the vessel could intake nearly 0.75 metric tons of suspended solids during ballasting, a portion of which will likely settle in the vessel’s ballast tanks. However, if the same Laker draws 62,000 metric tons of ballast water through a side sea chest located in the mid-point of the water column (e.g., 10 to 14 feet below the water surface), the suspended solids drawn into the ballast tanks could decrease by a factor of 10, to approximately 0.06 metric tons.

According to the Lake Carrier Association (LCA), most Lakers have relocated their ballast water intake sea chests from the bottom of the vessel to the side of the hull as part of their on-going ballast water BMPs to minimize sediment uptake (LCA, 2017). Only the 1,000-foot Lakers have not moved their ballast water intake sea chests because these vessels ballast in deep water where sea chests are not close the harbor bottom. Figure 4‑4 is a photograph of the exterior of a hull side sea chest and Figure 4‑5 is a photograph of the interior of the vessel showing the side sea chest and ballast water piping. 

[image: ]

[bookmark: _Ref487447362]Figure 4‑4. Side Sea Chest on the Exterior Hull of the M/V John G. Munson

[image: ]

[bookmark: _Ref487447501]Figure 4‑5. Side Sea Chest and Ballast Water Piping Inside the Hull on the M/V John G. Munson

Pump Ballast Water During Discharge

Vessels have the option of either pumping all their ballast water during de-ballasting or gravity draining a portion and then pumping the residual ballast water when levels are below the ambient water line. Pumping ballast water rather than gravity draining a portion during de‑ballasting theoretically creates greater mortality for organisms such as fish, mollusks, and crustaceans due to both shear and cavitational stresses on these organisms.

In 2014, EPA conducted a bench-scale study is to explore the efficacy of pumping versus gravity draining ballast water (USEPA, 2015b). The study, which took place at the Lake Superior National Estuarine Research Reserve (LSNERR) in Superior, Wisconsin, evaluated small fish (minnows) and fish egg mortality when passing through a centrifugal trash pump as compared to gravity draining. The results of the bench-scale study found that pumping ballast water had a measurable mortality for fish, but that mortality was not measurable for fish eggs. Mortality data for the minnows and eggs shown in Table 4‑2 indicate that pumping ballast water during de-ballasting will kill approximately 45 percent of the small fish that entered the tanks during ballasting, but will not impact fish eggs. Although the pump used in this study was not a ballast pump found on commercial vessels, the data indicate fish mortality will likely increase due to pumping as compared to gravity draining.

		[bookmark: _Ref399142951][bookmark: _Toc417464867]Table 4‑2. Weighted Average Percent Mortality for the Control, Gravity Drain and Pump Test Tanks 



		Organism

		Weighted Average Percent Mortality and 95% Confidence Interval



		

		Control Tanka

		Gravity Drain Tanka

		Pump Tanka



		Fathead Minnows

		0.3% + 0.4%

		0.2% + 0.3%

		45.4% + 3.4%



		Fathead Minnow Eggs

		1.2% + 1.6%

		1.9% + 2.5%

		1.4% + 2.1%





a Average calculated from five replicates for fathead minnows and three replicates for fathead minnow eggs; weighted by the number of fish in each tank.



Stripping of Residual Ballast Water

Ballast water enters the ballast tank through a bellmouth, which is the terminal point of the ballast pipe (see Figure 4‑6). The bellmouth opening is approximately three to five centimeters above the bottom of the ballast tank shell. During de-ballasting, ballast water enters the bellmouth opening, is pumped through the ballast piping, and pumped off the vessel. When the vessel is at even keel (i.e., level), approximately three to five centimeters of water will remain across the bottom of the de-ballasted tank.

[image: ]

Source: Reid et al., (2005).

[bookmark: _Ref487447989]Figure 4‑6. Bellmouth Located Above the Bottom of a Ballast Water Tank between Longitudinal Members

According to Reid et al., (2005), one centimeter of residual ballast water across the double bottom ballast tanks on an ocean going bulk carrier built to trade specifically in the Great Lakes is the equivalent of 20 to 35 tons of residual ballast water, depending on whether the vessel has double bottom fuel tanks. The process of removing residual ballast water is known as stripping. Stripping is done using low volume stripping pumps to evacuate the residual ballast water and discharge it through either separate stripping lines or the main ballast lines. Residual ballast water potentially contains ANS that should be stripped from ballast tanks before being refilled to reduce the possibility of re-contaminating new ballast water added to the tanks. To increase the amount of ballast water removed by stripping pumps, vessels can also be trimmed by the stern and heeled to port or starboard during cargo loading to optimize drainage toward the stripping pump or educator bellmouth.

Clean and Inspect Ballast Tanks

Regularly cleaning ballast tanks is a BMP intended to prevent the transport and release of ANS in sediments. Sediments that accumulate in ballast tanks can be resuspended during ballasting, and a portion of these can be discharged during de-ballasting. Various researchers (Bailey et al., 2005; Briski et al., 2010; Reid et al., 2005) have reported viable living organisms harbored in ballast tank sediments. Removing sediment not only reduces the transfer of ANS, but also allows unimpeded flow of residual ballast water through structural steel members to the stripping pumps (see Figure 4‑7).

[image: ]

Source: Reid et al., (2005).

[bookmark: _Ref487448213]Figure 4‑7. Accumulated Sediment in a Ballast Tank Blocking the Flow of Residual Ballast Water through the Opening Beneath the Vertical Steel Member

With ratification of the IMO Convention and commercially available BWMS becoming type certified by USCG, vessel owners and operators should be planning for BWMS retrofits onto existing vessels. During the BWMS retrofit installation, the vessels’ ballast tanks should be cleaned to remove any residual sediments. Cleaning can occur during either drydocking or while in port, and vessel owner/operators should arrange for proper disposal of sediments either onshore or outside waters subject to the VGP, unless prohibited by statute or applicable law. EPA did not authorize the discharge of sediment from cleaning of ballast tanks into U.S. waters for two reasons. First, sediment poses a risk for the further distribution of aquatic nuisance or invasive species. Some microorganisms can survive in ballast sediment for prolonged periods in dormant stages (Bailey et al., 2005; Briski et al., 2010) and are discharged into a new environment when ballast water is discharged. Secondly, and of equal importance is designated uses such as navigation, drinking water, recreation, and agriculture are impaired by excess suspended sediments discharged by vessels. When sediments diminish water quality to support aquatic life, other human uses of the same waterbodies such as recreational or commercial fishing may also be diminished (USEPA, 2013a). Sediment discharged in significant quantities will increase turbidity, decrease the size of the photic zone, and increase benthic embeddedness. Furthermore, the sediment is not always derived from the same location or waters where the ballast water was taken onboard the vessel, as tanks are not completely emptied when ballast water is discharged.

According to data provided in the 2013 VGP Annual Report database and shown in Table 4‑3, the most common frequency reported for ballast tank cleaning is every four to five years (excluding vessels that reported ballast tank cleaning frequency as “other” or “not applicable”). 

		[bookmark: _Ref487448250]Table 4‑3. Frequency of Ballast Tank Cleaning by Vessel Typea,b



		Vessel Type

		Every Voyage

		Every
Year

		Every 1-2 Years

		Every 2-4 Years

		Every 4-5 Years

		Less than Once Every 5 Years



		Barge

		0

		46

		5

		83

		1,601

		16



		Bulk Carrier

		4

		53

		138

		1,080

		541

		86



		Container/General

		59

		56

		146

		517

		659

		128



		Other

		0

		10

		15

		100

		63

		5



		Passenger Vessel

		1

		39

		22

		80

		18

		0



		Tanker

		5

		150

		242

		567

		529

		140



		Utility Vessel

		1

		18

		44

		370

		282

		102



			Total

		70

		372

		612

		2,797

		3,693

		477





a Vessels reporting ballast water capacity greater than zero.

b Excludes vessels that reported the frequency of ballast tank cleaning as “other” or “not applicable.”



The interior of a vessels ballast tanks should be visually inspected on an annual basis beginning on the date of the first voyage after a BWMS is installed. Inspection procedures should be developed and maintained on the vessel, as well as inspection forms and inspection records. Inspection procedures should include measurement of residual sediment and ballast water remaining in ballast tanks after deballasting and stripping, examining steel plates and structural steel framing for corrosion, deformation and fractures, inspecting the condition of protective coatings, and estimating the amount of scale (Bostina et al., 2012). If sediment is present, it should be removed before the vessel embarks on its next voyage. The condition of the vessels ballasting system including the stripping pumps and piping system can also be included in the inspection. A mechanism to report inspection findings and concerns to the vessel owners, and a method to address findings and concerns in a timely manner must be part of the vessels overall mechanical integrity program. Ballast tank inspection and sediment removal documentation should be reported to EPA’s annually and all documentation should remain onboard the vessel.

Remove Organisms from Sea Chests and Piping

Extensive cleaning to remove organisms from sea chests and ballast water piping can be conducted when the vessel is in drydock or other locations where the cleaning wastes can be contained and disposed of properly. Organisms clinging to sea chests and piping can be removed by scraping or with high-pressure washing. Removal of fouling organisms from sea chests and piping reduces the potential for their transfer to other locations while improving vessel operations (e.g., maximizing pumping efficiency).

Transferring Ballast Water Between Tanks

Transferring ballast water between ballast tanks to maintain trim and control heel, rather than pumping in raw water during cargo loading and unloading operations, will reduce the amount of intake and discharge of ballast water. Vessels, particularly containerships, need to control trim and heel carefully during cargo loading and unloading so the process can be done safely and efficiently. Vessel operators can use a computerized heel control system that moves ballast water between ballast tanks to maintain the vessel within a set tolerance of vertical. Moving ballast water between tanks during cargo loading must consider the structural design of the ship’s hull developed for specific loading conditions, and must ensure that the bending moment and sheer forces action the hull remain within design parameters (NRC, 1996).

Ballasting with Potable Water

Ballasting with water from either an on-board potable water generator (PWG) or from a shore-side municipal potable water source could eliminate or reduce the need to ballast with ambient water. The following subsections discuss each option and their applicability as a BMP to various vessel classes.

On-board Potable Water Generation

Vessel generation of potable water requires both purification of the water source and subsequent disinfection to remove harmful microorganisms to ensure the water is safe for human consumption. PWGs use either vacuum distillation or reverse osmosis (RO) technologies to draw fresh, brackish, or salt water into the PWG for purification. The treated water is then typically passed through disinfection systems to remove microorganisms (MCA, 1999). Vacuum distillation systems use heat and low pressure to purify fresh or seawater. The heat source for this process is waste heat produced by the vessel’s main engine. This waste heat is delivered to the distiller through the main engine’s cooling water and has a typical temperature of about 65°C. Because the distiller operates under vacuum, the boiling point of water is reduced to less than 45°C. In this manner, approximately half of the seawater fed into the distiller is converted into distilled water (McGeorge, 1995).

RO systems use semipermeable membranes to physically separate dissolved solids from water. These membranes have pore sizes that range from approximately 0.2 to 1 nanometers (nm) (KMS, 2012). A pump continually forces feedwater (i.e., fresh, brackish, or salt water) against the semipermeable membrane; dissolved salts in the feedwater are too large to pass through the pores and are continually rejected from the system as a brine discharge, while the treated water passes through the membrane (McGeorge, 1995). Produced water from distillation and RO processes typically are passed through disinfection systems to remove harmful microorganisms that would make the water unsafe for human consumption. Typical technologies used for water disinfection include chlorination/bromination, electro-katadyn, and ultraviolet (UV) technologies. Chlorination, bromination, and electro-katadyn disinfection systems are installed between the PWG and the potable water storage tank(s). UV disinfection systems, on the other hand, are installed downstream of storage tank(s) (McGeorge, 1995).

In 2015, EPA published a report on the feasibility and efficacy of using a PWG as an alternative BMP for managing ballast water (USEPA, 2015c).[footnoteRef:4] EPA found that the largest driver of PWG feasibility is a vessel’s required ballasting rate. The vessels evaluated by EPA had ballast rates ranging from approximately 155 to 800 gpm. In contrast, the maximum PWG production rate identified by EPA did not exceed 400 gpm. Only 5 percent of the PWGs reviewed by EPA are capable of producing water within the range of vessel ballast rates. The remaining 95 percent can produce water only at or below 30 gpm. A direct comparison of vessel ballasting and PWG production rates indicates that using PWGs as an all-purpose ballast water management alternative is not likely to be feasible without also utilizing other ballasting management strategies (e.g., internal ballasting, public water supply water), particularly for vessels requiring ballasting at a rate of hundreds of gallons per minute (USEPA, 2015c). Although PWGs cannot feasibly support the ballasting needs of all vessels, there appear to be several applications where using a PWG may be feasible. For example, it may be feasible for vessels to use PWGs to compensate for fuel burn off. EPA estimated fuel burn rates for various types of vessels ranging from 0.3 to 18.3 gpm, well within the water production range achievable by PWGs. [4:  Under existing international and domestic regulatory regimes, use of a PWG to manage ballast water should be allowed, provided those systems were type approved consistent with the IMO G-8 guidelines and/or U. S. Coast Guard type approval testing standards, as applicable (MEPC, 2009). However, use of PWGs are not considered potable water from onshore public water systems for purposes of regulatory compliance.] 


EPA, in partnership with the U.S. Maritime Administration (MARAD) and the Maritime Environmental Resource Center (MERC), evaluated the ability of a PWG system to reduce the concentration of living organisms in the discharge, including whether the discharge would be at or below the numeric ballast water discharge limits in the 2013 VGP. The proof of concept evaluation led by MERC provided land-based testing results, generally consistent with the ETV protocols, which demonstrated the capability of an RO-based PWG-chlorination system to produce potable water that meets the VGP limits. 

Further discussion on the use of PWG as an alternative to ballasting with ambient water is provided in Section 12.4 of this TDD.

Municipal Potable Water

[bookmark: _Ref397057862][bookmark: _Toc399345843]Ballasting with municipal potable water for U.S. or Canadian PWSs is a BMP that complies with the 2013 VGP numeric ballast water discharge limits and is applicable to vessels requiring small ballast water volumes and who remain in ports where the infrastructure is currently available. Vessels such as tugs, tows, and utility vessels such as off-shore supply vessels (OSV) that remain in one port area or operate within one area of a river system and have low ballasting requirements could utilize a single shore-side hydrant for potable water. Table 4‑4 shows the ballasting requirements for these two vessel types that currently use municipal potable water for ballasting. Ballasting rates for tug and tow boats range from 20 and 250 gpm and have ballast capacities up to 250 m3. OSVs have ballast capacities up to 5,000 m3.

		[bookmark: _Ref487448751]Table 4‑4. Small Commercial Vessel Types and their Ballasting Operations



		Vessel Type

		Description

		Ballasting Operations

		Ballast Volume



		

		

		

		(gal)

		(m3)



		Utility: Tugboats

		Tugboats or towboats.

		Tugboats carry relatively small volumes of ballast water and have low ballasting rates in the 20 to 250 gallon/minute (gpm) range.a  Using potable water as ballast is common practice for inland towing vessels. These types of vessels do use potable water for accommodating changes in displacement and balance as fuel is consumed during the voyage. For these operations, the ballast is discharged prior to refueling. Some tugboats may also use permanent ballast.

		Inland Tug:

20,000 to 40,000b



Coastal Tug:

20,000 to 70,000b



Small Harbor Tug:

2,000 to 3,000b

		Inland Tug:

76 to 151b



Coastal Tug:

76 to 265b



Small Harbor Tug:

8 to 11b



		Utility: Off-Shore Support Vessels (OSVs)

		Supply vessels that support off-shore oil and gas operations. Includes crew boats, lift boats, and tugs and barges that carry equipment, supplies, and workers.

		OSVs generally have designated ballast tanks, take on fresh municipal water as ballast, and offload ballast at the off-shore rig or back in port. These types of vessels do not use seawater for ballast and do not discharge ballast water to the sea. Lift boats take on and discharge seawater as ballast in the exact same location.

		26,000 to 1,321,000c

		100 to 5,000c





Source: USEPA, 2015c.

a AWO, 2012.

b AWO, 2009.

c IMO, 2012.



For larger vessels with high ballasting rates that move between multiple ports, implementing this BMP would be challenging. For larger vessels to ballast with municipal potable water, the municipal infrastructure must be available at all ports where the vessel loads ballast. Providing this infrastructure would require installation of miles of large diameter piping in older industrial areas, plus installation of permanent infrastructure such as cranes, loading arms, booster pumps and other equipment. The time to design, permit, and install this permanent shore-side infrastructure could be 10 to 20 years (Hull and Associates, 2017). In addition, these older industrial areas where docks are located may contain legacy pollutants that could be encountered during infrastructure installation, which would delay implementation even further.

Vessels may also need to be modified to accept ballast water from a municipal shore-side connection. These modifications would include ballast piping modifications that bypass ballast piping from sea chests, the addition of piping connections either on the deck or on the hull, and for large vessels, deck cranes would be required to move heavy large diameter flexible hoses to the shore-side hydrants. Additional crew labor will also be required to connect and disconnect the ballast water hoses.

Further discussion on the use of municipal potable water for ballasting is provided in Section 12.3 of this TDD.

Other Ballast Water BMPs

Other ballast water BMPs that could be considered for EPA’s 2018 VGP include ballast water exchange (BWE), BWE plus treatment, annual inspection and maintenance of sea chest screens, and minimizing ballast water intake in near-shore areas. Each of these other BMPs is discussed in further detail in the following subsections.

Ballast Water Exchange

BWE involves replacing ballast water loaded in coastal areas with open-ocean water during a voyage. BWE is intended to reduce the number of living coastal organisms in ballast tanks by physical flushing and by osmotic shock due to differences in salinity between coastal and open ocean water. Oceanic organisms which enter ballast tanks during BWE have a low probability of survival in nearshore waters due to low salinity. There are three methods of BWE that have been evaluated and determined to be acceptable to IMO (ABS, 2010), the sequential method, the flow-through method and the dilution method.

Sequential Method – A process by which a ballast tank is first emptied of water and then refilled with replacement ballast water to achieve at least a 95% volumetric exchange.



Flow-Through Method – A process by which replacement ballast water is pumped in at the bottom of a ballast tank, allowing replacement water to flush out the original ballast water through overflow or other arrangements. At least three times (300 percent) the tank volume must be pumped through the tank.



Dilution Method – A process by which replacement ballast water is filled through the top of the ballast tank with simultaneous discharge from the bottom at the same flow rate and maintaining a constant level in the tank throughout the ballast exchange operation. At least three times the tank volume is to be pumped through the tank.



The flow-through and dilution methods are often referred to as “pump-through” methods. Figure 4‑8 shows a vessel conducting open-ocean flow-through BWE.

[image: ]

Source: Smithsonian Environmental Research and the Great Lakes NOBOB Project.

Figure 4‑8. Water Overflowing from a Ballast Tank Deck Hatch During Flow-Through Ballast Water Exchange at Sea



Each BWE method has particular aspects that are considered when selecting the method(s) to be used on a specific type of vessel. The degree to which a vessel is suited to the sequential method, the flow-through method, or the dilution method is dependent on its design and age (ABS, 2010). 

For vessels with no ballast on board (NOBOB), seawater flushing of the empty ballast tanks can be performed to remove residual freshwater and sediments that may harbor potential ANS. Saltwater flushing of ballast tanks, sometimes referred to as the “swish and spit” method, is defined as the addition of mid-ocean water to empty ballast water tanks; the mixing of the flush water with residual water and sediment through the motion of the vessel; and the discharge of the mixed water, such that the resultant residual water remaining in the tank has as high a salinity as possible, and preferably is greater than 30 ppt. The vessel should take on as much mid-ocean water into each tank as is safe (for the vessel and crew) to conduct saltwater flushing (33 CFR 401.30(f)(1)). Open-ocean flushing of the tanks is intended to remove some of the residual sediments and replace any unpumpable ballast water from freshwater ports with high salinity seawater.

BWE is an effective method to remove most living organisms from ballast tanks. According to Gray et al. (2007), combined physical removal and mortality due to salinity shock is estimated to be at least 95 percent effective for ships carrying ballast from fresh water ports. Data developed by Santagata et al. (2008) showed that salinity shock is effective enough to kill all oligohaline organisms during 90 percent of all BWEs. Drake et al. (2002) conducted studies on BWE onboard aboard a commercial bulk carrier and found that five days following BWE, all microbial metrics tested including bacteria virus-like particles, chlorophyll a and total microbial biomass had decreased between 1.6- to 34-fold from initial values.

Studies conducted by Canadian scientists (Briski et al., 2010; Bailey et al., 2011) also found that physical removal of organisms due to BWE and/or flushing and salinity shock have a significant impact on the number of living organisms in ballast tanks. After the implementation of the more stringent ballast water management regulations in 2006, these Canadian scientists collected opportunistic samples of sediment and water from both ballasted and NOBOB vessels entering the Great Lakes. Their methodology allowed comparison of results before and after implementation of mandatory BWE (1993) and NOBOB flushing (2006) regulations and found that taxa posing a high risk for establishment in the Great Lakes, are significantly reduced by exposure to the high (>30 ppt) salinity and flushing action achieved by BWE and salt water flushing. Ballast tanks on NOBOB vessels had more than a ten-fold decrease in invertebrate numbers following saltwater flushing as compared to NOBOB vessels that did not perform saltwater flushing. Open ocean BWE also showed a significant reduction in the mean abundance of high risk invertebrates as compared to vessels that did not conduct BWE. Further discussion on the effectiveness of BWE is provided in Section 11.4.2 of this TDD.

While most vessels are capable of conducting BWE or seawater flushing, and the procedures do not typically require any special structural modifications to most of the vessels in operation, BWE or flushing does present challenges for designers, builders, owners and operators. These challenges include over-pressurization or under-pressurization of tanks, longitudinal strength and transverse stability (American Bureau of Shipping, 2010). BWE may also create maneuverability issues during periods when propeller immersion, minimum draft and/or trim and bridge visibility cannot be met. The Master must assess the duration and time needed for BWE and decide to proceed when the ship will be in open water, the traffic density will be low, enhanced navigational watch can be maintained, the maneuverability of the vessel will not be unduly impaired by the draft and trim and or propeller immersion, and the general weather and sea conditions will be suitable and unlikely to deteriorate (Transport Canada, 2017b).

Although BWE itself may create vessel instability, some methods create more instability than others. According to Glosten Associates (2012), the sequential method of BWE creates the greatest vessel instability since the tanks go from full to empty to full again. The flow-through method, which allows the ballast tanks to overflow on the deck, reduces instability; however, there are over-pressurization concerns within the ballast tanks which can cause cracks in the vessel hull. For NOBOBs, tank flushing to remove residual water and sediment can also cause stability problems. For NOBOBs, vessels are typically loaded with containers to the “load-line” on the hull, meaning they are at full capacity. If seawater is added to flush the ballast tanks, then weight is added mid-ocean that is beyond the max vessel load, and the vessel could sink or be unstable. Weather conditions can also exacerbate vessel instability when performing BWE; therefore, the U.S. Coast Guard currently allows vessel operators to not conduct BWE during heavy weather under the “Safety Exemption”.[footnoteRef:5] [5:  H.R. 4283 National Invasive Species Act of 1996, Subpart B, Section 1101(k) Safety Exemption states “The master of a vessel is not required to conduct a ballast water exchange if the master decides that the exchange would threaten the safety or stability of the vessel, its crew, or its passengers because of adverse weather, vessel architectural design, equipment failure, or any other extraordinary conditions.”] 


Although BWE is not as effective as treating ballast water with a BWMS, and the process has some safety concerns, it should be considered in certain circumstances. For example, if a vessel discovers their BWMS was malfunctioning during ballast water loading, then open-ocean BWE could be performed to remove the majority of possible ANS. If ballast water monitoring data indicates a ballast tank is infested with living organisms from a freshwater source, then the vessel could conduct open-ocean BWE to physically remove and kill the majority of ANS in the tanks. Vessels loaded with cargo and bound for sensitive freshwater ecosystems like the Great Lakes could perform open-ocean flushing of empty ballast tanks to remove sediments and increase the salinity of any residual ballast water that may be harboring ANS. For these circumstances, BWE should be considered a viable BMP to prevent the spread of ANS by ocean-going vessels.

Ballast Water Exchange Plus Treatment

 With recent ratification of the IMO Convention, vessels will be required to achieve numerical discharge standards for organisms using a BWMS, and the requirement to conduct BWE will be phased out under the IMO Convention. Although BWMS are expected to provide better removal of organisms then BWE, a concern is that BWMS may not be reliable in low salinity or highly turbid waters (Briski et al., 2015) and that mechanical and operational issues with BWMS could periodically cause the systems to fail. Because of these concerns, some researchers (Briski et al., 2015; Drake et al., 2017) have investigated the efficacy of combining BWE and BWMS (“BWE plus treatment”). Briski et al. (2015) found that BWE plus treatment caused a significant reduction in plankton when compared to treatment alone. Ballast tanks filled with treated freshwater contained mainly freshwater or euryhaline organisms, while BWE plus treatment tanks contained mainly marine organisms that primarily originated from the open-ocean area where exchanged occurred. These organisms would likely not survive if discharged into freshwater ecosystems due to the difference in salinity. The researchers noted that due to the almost exclusive marine population of live zooplankton after BWE, the BWE plus treatment strategy notably reduces introduction risk of zooplankton through environmental mismatching.

An October 2016 shipboard trial conducted by Drake et al. (2017) indicates BWE plus treatment is as effective as BWE alone, but not necessarily more effective. The study, conducted by the Naval Research Laboratory (NRL) onboard a bulker sailing from Antioch, California to Port McNeill, British Columbia, found no difference in the concentration of organisms discharged in ballast water that had undergone treatment by filtration and electrochlorination plus BWE versus ballast water than had undergone treatment alone. The concentrations of organisms larger than 50 μm ranged between 31,000/m3 and 39,000/m3 in the raw ballast water and were reduced to 0/m3 in both the treated and the treated plus BWE discharge. Only 10 organisms having sizes ranging between 10 and 50 μm were measured during uptake of the raw ballast water and therefore no conclusions could be made regarding the effectiveness of treatment versus treatment plus BWE for this category.

A second trial conducted by Drake et al. (2017) in February 2017 onboard a bulker sailing from Antioch, California to Port McNeill, British Columbia, found that for organisms > 50 um, the ballast water discharge standard was met for water that had undergone BWE plus treatment, but the standard was exceeded for water that had undergone treatment alone. The concentrations of organisms larger than 50 μm ranged between 2,752/m3 and 2,912/m3 in the raw ballast water and were reduced to 20/m3 by treatment and to 0/m3 by BWE plus treatment. For the organisms in the range of 10 to 50 um and those <10 um, both treatment and treatment plus BWE achieved the discharge standard.

The studies by Briski et al. (2015) and Drake et al. (2017) lead to the conclusion that adding BWE as a BMP, in addition to using a type-certified BWMS, may decrease the possibility that a freshwater ANS could reach U.S. waters from overseas ports. The salinity barrier created by BWE significantly reduces the concern that a malfunctioning BWMS will introduce a new freshwater ANS. In addition, BWMS are relatively new and presently there is little actual operational experience to accurately gauge their reliability and performance when operating in waters that may not fall within the type approval testing parameters (Reid, 2012).

Annual Inspection and Maintenance of Sea Chest Screens

Sea chests are located on the vessels hull and provide an intake reservoir from which ballast piping draws raw water. The intake size of sea chests varies from less than 10 cm² to several square meters, and the opening of the sea chest is covered with a removable screen or grate. The sea chest screens and grates are the first line of defense at keeping larger organisms such as fish and mollusks from being drawn into the ballast piping and pumps and entering ballast tanks. Regular inspection of sea chest screens and grates to verify their integrity can be performed on all vessels. Sea chests can be examined by lightening the vessel to expose a hull-side sea chest while in port, or divers can be contracted to examine the sea chests that are below the water line. The inspection should look for any deterioration which has resulted in wider openings or holes in the screen or grates. If the screen or grate has deteriorated such that there are wider openings than designed, repair or replacement of the screen or grate is necessary. Any repairs must be of sufficient quality that they are expected to last until the next inspection.

Minimizing Near-Shore Ballast Water Intake

Minimizing ballast water intake in near-shore environments is intended to lessen the number of living organisms entering a vessels ballast tanks since organism numbers are expected to be higher as compared to off-shore environments. To minimize near-shore ballast intake, vessels load only enough ballast water to safely leave the dock or port area and then continue ballasting once the vessel reaches deeper water. The amount of ballast water loaded near-shore must be enough to lower the vessel deep enough into the water to submerge the propeller and rudder to allow for safe movement (LCA, 2017). Figure 4‑9 shows an exposed propeller and rudder for a Laker without any ballast water or cargo on-board.

[image: ]

[bookmark: _Ref487449063]Figure 4‑9. Exposed Propeller and Rudder of a Laker without Ballast or Cargo Onboard

Although nearshore ambient water is thought to have more organism than ambient waters away from the port or harbor, this may not be the case in all situations. For example, a study found that anchovy eggs and recently hatched larvae were 30 to 200 times more abundant offshore (15 km) than nearshore in Chesapeake Bay, indicating that recruitment of anchovy is most dependent on processes in the offshore region (MacGregor et al., 1996). A study of zooplankton abundance within and outside nearshore embayments found that wind and current may impact abundance, and that organism numbers outside embayments can sometimes be higher than within nearshore embayments (Archambault et al., 1998). Other studies found that phytoplankton biomass in Santa Monica Bay decreased with distance from shore; however, their abundance only decreased by approximately one-half as far out as 3 km from shore (Corcoran et al., 2011). Although these researchers indicate the abundance of some living organisms decreases with distance from shore, organisms are likely still present in ambient waters where ballasting would take place. Based on the data from these studies, this BMP may provide little benefit while possibly jeopardizing vessel safety.

Summary of Ballast Water BMPs

Numerous BMPs are available to ship owners and operators to lessen the likelihood that ANS will be loaded and discharged in ballast water. These range from non-structural type BMPs, such as adhering to the vessels BWMP, providing crew training, and conducting annual inspections to structural changes, such as the addition of new piping systems that can provide potable water from municipal shore-side connections or from the vessels own PWG. Others such as annual ballast tank cleaning to remove accumulated sediments and routine maintenance to ensure stripping systems are operating as designed can also lessen ANS transfer. Vessels that have installed BWMS can guarantee the numeric discharge standards can be achieved if BWE is combined with treatment, even when the BWMS may not be operating to its maximum efficiency. Although ballast water BMPs are not a substitute for a BWMS, their implementation is an important component of a vessel’s overall ANS prevention program.

References

American Bureau of Shipping (ABS), Guide for Ballast Water Exchange. American Bureau of Shipping, Houston, TX, 78 pp, updated October 2010.

American Bureau of Shipping (ABS), Best Practices for Operation of Ballast Water Management Systems, ABS 2nd BWMS Workshop, Houston (2017)

Archambault, P., Roff, J., Bourget, E., Bang, B., and Ingram, G., Nearshore Abundance of Zooplankton in Relation to Shoreline Configuration and Mechanisms Involved. Journal of Plankton Research, Volume 20, Number 4, pg. 671-690 (1998).

Armengol, X., Wurtsbaugh, W., Camacho, A., and Miracle, M., Pseudo-Diel Vertical Migration in Zooplankton: A Whole-Lake 15N Tracer Experiment. Journal of Plankton Research, Volume 34, No. 11, pp 976-986, (2012).

AWO (American Waterways Operators). 2009. Comments on Standards for Living Organisms in Ships’ Ballast Water Discharge in U.S. Waters. USCG Comment Number USCG-2001-10486-0280.

AWO. 2012. Comments on Vessel General Permit for Discharges Incidental to the Normal Operation of Vessels. EPA Comment Number EPA-HQ-OW-2011-0141-0507-A1.

Bailey, S., Duggan, I., Jenkins, P., and MacIsaac, H., Invertebrate Resting Stages in Residual Ballast Sediment of Transoceanic Ships. Canadian Journal of Fisheries and Aquatic Sciences, 62, pp 1090–1103, (2005).

Bailey, S., Geneau, M., Jean, L., Wiley, C., Leung, B., MacIsaac, H., Evaluating Efficacy of an Environmental Policy to Prevent Biological Invasions. Environmental Science and Technology, 45, pp 2554–2561 (2011).

Bostina, A., Acomi, N., and Doinea, G., Inspection Procedures of Tanks and Void Spaces, Annals of DAAAM for 2012 and Proceedings of the 23rd Annual Symposium, Vol. 23, No. 1, (2012).

Briski, E., Bailey, S., Cristescu, M., MacIsaac, H., Efficacy of ‘Saltwater Flushing’ in Protecting the Great Lakes from Biological Invasions by Invertebrate Eggs in Ships’ Ballast Sediment. Freshwater Biology, 55, pp 2414–2424, (2010).

Briski, E., Gollasch, Sl, Matej, D., Linley, R., Combining Ballast Water Exchange and Treatment to Maximize Prevention of Species Introductions to Freshwater Ecosystems. Environmental Science and Technology, 49(16), pp 9566-9573, (2015).

Corcoran, A. and Shipe, R., Inshore-Offshore and Vertical Patterns of Phytoplankton Biomass and Community Composition in Santa Monica Bay, California. Estuarian, Coastal and Shelf Science, No. 94, pp. 24 – 35, (2011).

Dawson, W., Moser, D., van Kleunen, M., Kreft, H., Pergl, J., Global Hotspots and Correlates of Alien Species Richness Across Taxonomic Groups. Nature Ecology & Evolution 1, Article No: 0186, (2017).

Drake, L., A., Ruiz, G.M., Galil, B.S., Mullady, T.L., Friedman, D.O., & Dobbs, F.C., Microbial Ecology of Ballast Water During a Transoceanic Voyage and the Effects of Open-Ocean Exchange. Marine Ecology Progress Series, 233, pp. 13-20, (2002).

Drake, L., Moser, C., First, M., Riley, S., Molina, V., Ballast Water Exchange Plus Treatment Study: First Shipboard Trial. Naval Research Laboratory. Contract Number DW-17-92399701, (2017).

Ecochlor, Inc., Personnel communication between Katie Weaver (Ecochlor) and Mark Briggs, ERG on October 9, 2017

Fononoff, P., Ruiz, G., Simkanin, C., and Carlton, J., National Exotic Marine and Estuarine Species Information System. Available at http://invasions.si.edu/nemesis/, (2017).

Gray, D., Johengen, T., Reid, D., MacIsaac, H. Efficacy of open-ocean ballast water exchange as a means of preventing invertebrate invasions between freshwater ports. Limnology and Oceanography 52, pp 2386-2397, (2007).

Glosten Associates, Personal communication between Kevin Reynolds, Glosten Associates and Mark Briggs, Eastern Research Group, Inc., September 5, 2012.

Hallegraeff, G., and Bolch, C., Transport of Diatom and Dinoflagellate Resting Spores in Ships' Ballast Water: Implications for Plankton Biogeography and Aquaculture. Journal of Plankton Research, No: 14(8), pp. 1067-1084, (1992).

Haney, J., Craggy, A., Kimball, K., and Weeks, F., Light Control of Evening Vertical Migrations by Chaoborus punctipennis Larvae. Limnology and Oceanography, Volume 35, Issue 5, pp 1068 – 1078, (1990).

Hull and Associates, Inc., Preliminary Cost Estimate for the Shoreside Ballast Treatment and Supply for the U.S. Great Lakes. Prepared for Lake Carrier Association, (2017).

International Maritime Organization Marine Environmental Protection Committee (MEPC), Guidelines for Ballast Water Management and Development of Ballast Water Management Plans (G4). MEPC 53/24, Annex 5, (2005).

International Maritime Organization Marine Environment Protection Committee (MEPC), Report of the Marine Environment Protection Committee on its Fifty-Ninth Session. International Maritime Organization, Marine Environment Protection Committee, MEPC 59/24, (2009).

KMS (Koch Membrane Systems, Inc.). 2012. Application Bulletin – An Overview of Membrane Technology and Theory (May). (www.kochmembrane.com/PDFs/Application-Bulletins/KMS-Membrane-Theory.aspx).

Lake Carrier Association (LCA). Meeting Notes for Meeting with ERG, GLEC, and LCA at Fincantieri Bay Shipbuilding, Sturgeon Bay, Wisconsin. February 8 and 9, 2017. (2017).

MCA (Marine and Coast Guard Agency). 1999. The Ship Captain’s Medical Guide, Her Majesty’s Stationary Office, Twenty-Second Edition.

McGeorge, H.D. 1995. Marine Auxiliary Machinery. Elseiver Ltd. Seventh Edition.

MacGregor, J.M., and Houde, E.D., Onshore - Offshore Pattern and Variability in a Distribution of Bay Anchovy (Anchoa Mitchilli) Eggs and Larvae in Chesapeake Bay. Marine Ecology Progress Series, Volume 138, 15-25 (1996).

National Research Council (NRC), Stemming the Tide: Controlling Introductions of Non-Indigenous Species by Ships Ballast Water, Chapter 2: Ballast Water and Ships. Washington DC: The National Academies Press, doi: 10.17226/5294, (1996).

National Oceanic and Atmospheric Administration (NOAA), Species Information System (GLNISIS). Available at http://www.glerl.noaa.gov/res/Programs/glansis/glansis.html, (2017a).

National Oceanic and Atmospheric Administration (NOAA), Lake Erie Harmful Algal Bloom Bulletin. Available at: https://tidesandcurrents.noaa.gov/hab/lakeerie.html?utm_medium=email&utm_source=GovDelivery, (2017b)

[bookmark: _Hlk491070168]National Oceanic and Atmospheric Administration (NOAA), Harmful Algal Blooms: Tiny Plants with a Toxic Punch. Available at http://oceanservice.noaa.gov/hazards/hab/, (2017c).

[bookmark: _Hlk491070042]National Oceanic and Atmospheric Administration (NOAA), Harmful Algal Bloom Operational Forecast System (HAB-OFS). Available at https://tidesandcurrents.noaa.gov/hab/, (2017d).

Reid, D., Fahnenstiel, G., Johengen, T., Assessment of Transoceanic NOBOB Vessels and Low Salinity Ballast Water as Vectors for Nonindigenous Species Introductions in the Great Lakes, Final Report. NOAA - Great Lakes Environmental Research Laboratory, Ann Arbor, MI, (2005).

Reid, D., The Role of Osmotic Stress (Salinity Shock) in Protecting the Great Lakes from Ballast-Associated Aquatic Invaders. Technical Report Prepared for the U.S. Saint Lawrence Seaway Development Corporation, (2012).

Santagata, S., Gasiūnaite, Z., Verling, E., Cordell, J., Eason, K., Cohen, J., Bacela, K., Quilez-Badia, G., Johengen, T., Reid, D., Ruiz, G. Effect of Osmotic Shock as a Management Strategy to Reduce Transfers of Nonindigenous Species Among Low-salinity Ports by Ships. Aquatic Invasions, 3(1), pp 61-76, (2008).

Transport Canada (TC), Schedule 1: Guidelines for Ballast Water Management and Development of Ballast Water Management Plans (G4), (2017a) available at https://www.tc.gc.ca/eng/marinesafety/tp-tp13617-schedule1-69.htm#b26b.

Transport Canada (TC), Schedule 2: Guidelines for Ballast Water Exchange (G6), (2017b) available at https://www.tc.gc.ca/eng/marinesafety/tp-tp13617-schedule2-999.htm.

Trojan Marinex, Personnel communication between Andrew Daley (Trojan Marinex) and Mark Briggs, ERG on October 3, 2017

U.S. Coast Guard (USCG) Acquisition Directorate, Ballast Water Treatment, U.S. Great Lakes Bulk Carrier Engineering and Cost Study, Volume II. Report Number CG-D-12-13, (2013). 

U.S. Court of Appeals for the 2nd Circuit, Case No. 13-1745, Lake Carrier Association and Canadian Ship Owners Association, Intervenors Petition for Rehearing, page 14, Dated November 19, 2015.

USEPA, Report to Congress on Impacts and Control of Combined Sewer Overflows and Sanitary Sewer Overflows. Available at https://www.epa.gov/sites/production/files/2015-10/documents/csossortc2004_full.pdf. (2004).

USEPA, Efficacy of Ballast Water Treatment Systems: A Report by the EPA Science Advisory Board (SAB) Report, (2011).

USEPA, National Pollutant Discharge Elimination System (NPDES) Vessel General Permit (VGP) for Discharges Incidental to the Normal Operation of Vessels: Fact Sheet. (2013).

USEPA, Sampling Report: Simulated Ballast Water Intake Characterization Study for High and Low Suction Sea Chests on Lakers. EPA 830-R-15-001, (2015a).

[bookmark: Title1][bookmark: Title2]USEPA, Sampling Report for the Vessel General Permitting Program Pump Mortality Study. EPA 830-R-15-003, (2015b). 

USEPA, Feasibility and Efficacy of Using Potable Water Generators as an Alternative Option for Meeting Ballast Water Treatment Limits. EPA 830-R-15-002, (2015c).

USEPA, Report to Congress on Combined Sewer Overflows into the Great Lakes Basin, Available at https://www.epa.gov/sites/production/files/2016-05/documents/gls_cso_report_to_congress_-_4-12-2016.pdf. (2016a).

USEPA, Transfer of Aquatic Nuisance Species with the Great Lakes, (2016b).





Kemmerer	2.2300971578236992	0.40414518843273523	1.1150485789118718	0.45092497528229886	5.7735026918967133E-2	2.2300971578236992	0.40414518843273523	1.1150485789118718	0.45092497528229886	5.7735026918967133E-2	6	10	14	18	22	2.8666666666666667	1.7333333333333338	1.7666666666666673	1.8333333333333333	2.333333333333333	Pump	0.5291502622129175	3.1282316623507307	6.4156059729381774	29.815599943653652	15.55763478167558	15.55763478167558	6	10	14	18	22	1.9000000000000001	3.9166666666666567	5.6999999999999975	32	58.4	Depth (feet)

mg/L of TSS

Kemmerer	0	0	0	0	0.54848275573013106	0	0	0	0	0.54848275573013106	6	10	14	18	22	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.8666666666666667	Pump	0	0.15877132402714741	0	0.77942286340599565	0.4358898943540781	0	0.15877132402714741	0	0.77942286340599565	0.4358898943540781	6	10	14	18	22	0.55000000000000004	0.64166666666666672	0.55000000000000004	1	2.6	Depth (feet)

mg/L of POC

Kemmerer	0.75182001392178277	3.7859388972002056E-2	0.75624070242219621	0.54647354312292551	0.69935684739623449	0.75182001392178277	3.7859388972002056E-2	0.75624070242219621	0.54647354312292551	0.69935684739623449	6	10	14	18	22	2.4033333333333342	2.6566666666666667	1.86	1.8866666666666667	2.8099999999999987	Pump	0.46918368826435003	2.1279595947848797	0.49318691520896918	28.572670508721835	15.734357311310708	0.46918368826435003	2.1279595947848797	0.49318691520896918	28.572670508721835	15.734357311310708	6	10	14	18	22	2.3333333333333335	3.4861111111111112	2.5733333333333341	35.550000000000004	69.3	Depth (feet)

NTU



4-1

image1.jpeg







image2.jpeg







image3.emf



image4.emf



image5.png







image6.jpeg









Ballast Water Management System Performance

The performance of BWMS is important in determining appropriate ballast water discharge limitations for the VGP. EPA compiled and reviewed available BWMS performance data from USCG type approval testing, submittals to the USCG for Alternate Management System (AMS) acceptance, and reports submitted to Administrations for the type approval of BWMS in accordance with MEPC resolution MEPC.125(53) and MEPC.174(58) Guidelines for Approval of Ballast Water Management Systems (G8). The requirements for BWMS testing have evolved over time to become more specific. Therefore, the quality of performance data has changed. BWMS approval processes, EPA’s methodology for evaluating BWMS performance and data quality, and EPA’s findings of are described in this section. 

[bookmark: _Ref495312497]IMO and USCG Type Approval requirements

The 2013 VGP requires vessels covered by the VGP to achieve the ballast water discharge limits in VGP Part 2.2.3.5 using one of four ballast water management measures provided in Part 2.2.3.5.1 and in accordance with the implementation schedule in Part 2.2.3.5.2. If a vessel uses a BWMS[footnoteRef:1] to comply with the VGP discharge limits, the BWMS must be either type approved by the U.S. Coast Guard (USCG) under 46 CFR § 162.060 or have received Alternative Management System (AMS) acceptance by the USCG under 33 CFR § 151.2026[footnoteRef:2].  [1:  The VGP references ballast water treatment systems (BWTS), but the USCG and the international community have determined to use the uniform terminology of BWMS to alleviate any confusion.]  [2:  USCG ballast water discharge standards are the same as VGP discharge limitations.] 


The USCG type-approval testing procedures are mandatory, detailed, and require that testing be conducted by a USCG accepted independent laboratory (IL) that is independent of the BWMS manufacturer. The IL oversees and conducts all the required testing and generates a report with the details recommending type approval. A BWMS is eligible for type approval by the USCG if:

It meets the design and construction requirements in 46 CFR § 162.060–20,

It is evaluated, inspected, and tested under land-based and shipboard conditions in accordance with 46 CFR §§ 162.060–26 and 162.060–28 by an IL to demonstrate the ballast water discharge standard in 33 CFR Part 151 Subparts C and D are consistently achieved,

Applicable components of the BWMS meet the component testing requirements of 46 CFR § 162.060–30, and

The ballast water and any active substance or preparation used in the BWMS are not found to be persistent, bioaccumulative, or toxic when discharged.

After receipt of the type approval documentation by the IL, the USCG Marine Safety Center evaluates the report and determines if USCG type approval should be awarded. The overall process is estimated to require approximately two years. As of October 1, 2017, the USCG has awarded type approval to five BWMS.

The process for USCG acceptance of a BWMS as an AMS is different. The USCG developed the AMS program to respond to ships that have BWMS installed that were approved according to international requirements. A USCG accepted AMS is a BWMS “approved by a foreign administration pursuant to the standards set forth in the International Maritime Organization’s International BWM Convention” (33 CFR § 151.1504). The USCG has accepted over 100 BWMS as AMS as of October 2017.

The IMO Marine Environment Protection Committee (MEPC) established guidelines for type approval of BWMS with Administrations (i.e., countries) being responsible for type approval of BWMS on ships under their flag. G8 was initially adopted at MEPC 53 in MEPC Resolution MEPC.125(53), subsequently revoked by MEPC Resolution MEPC.174(58), and more recently revised by MEPC Resolution MEPC.207(70). Most BWMS are type approved according to MEPC.174(58). The recommendatory guidelines are applied differently by flag administrations and do not require testing to be conducted by an organization independent of the manufacturer. The G8 Guidelines provide general guidance on:

The general technical specifications for treatment and control and monitoring equipment,

Documentation requirements,

Approval and certification procedures,

Pre-test evaluation of documentation,

Test and performance specifications for BWMS,

Environmental testing specifications for BWMS, and

Sample analysis methods for the biological constituents to be tested.

In October 2016, MEPC 71 agreed to make the recently revised Guidelines G8 (MEPC.279(70)) a mandatory code to be amended to the BWM Convention after entry into force. MEPC 70 suggested that Administrations no longer approve BWMS to the previous G8 (MEPC.174(58)) after 28 October 2018 and agreed that all BWMS installed onboard ships would need to be approved by the newly revised G8 (MEPC.207(70)) on or after 28 October 2020.

Existing BWMS Performance Data Reviews

As a first step in evaluating BWMS performance, EPA identified and reviewed existing BWMS performance data reviews. BWMS performance has been reported by the U.S. EPA Science Advisory Board and the California State Lands Commission Marine Invasive Species Program. 

U.S. EPA Science Advisory Board (SAB)

The USEPA SAB initially published a report in 2011 titled Efficacy of Ballast Water Treatment Systems: a Report by the EPA Science Advisory Board that responded to the EPA’s Office of Water (OW) request to “provide advice on technologies and systems to minimize the impacts of invasive species in vessel ballast water discharge” (USEPA, 2011). The SAB was to advise on “the effectiveness of existing technologies for shipboard treatment of vessel ballast water, how these technologies might be improved in the future, and how to overcome limitations in existing data.” 

To perform this assessment, the panel first reviewed available reports (Albert et al, 2010; CSLC, 2010; Lloyds, 2010) to identify 51 BWMS that were commercially available or in-development at the time of the assessment. Of these 51 BWMS, the SAB had data packages for 15 BWMS. The type, amount, and quality of material in the data packages varied, ranging from only a type approval certificate to land-based and shipboard testing methods and data. The SAB panel described limitations of the data packages, test protocols, and results:

· Packages lacked detailed information, including documentation of test protocols and whether they were followed, full reporting of all results and raw data (i.e., reporting of both successful and failure test results), and documentation of QA/QC procedures and whether they were followed.

· The G8 guidelines used for BWMS performance testing provide only general recommendations for how to evaluate performance with respect to the D-2 standards. Accordingly, test protocols across BWMS were inconsistent and may lack rigorous statistical sampling protocols (issues with sample size, volume, replicates) and subsequent statistical analysis necessary to assess BWMS performance.

· Lack of documentation regarding whether the BWMS was in operational use (i.e., used onboard vessels on one or more active ships operating throughout the range of environmental conditions encountered, vessel operational parameters, and vessel design characteristics).

Next, three subgroup members independently reviewed each of the data packages to determine whether they contained “reliable data” sufficient to permit a “credible assessment” of performance capabilities. To receive a reliable rating, the data package had to include, at a minimum, methods and results from land-based or shipboard testing. Members also assessed other criteria, such as whether the testing protocols included reasonable and appropriate methods, and whether the testing produced credible results. The panel determined that nine BWMS representing five BWMS categories had reliable data. It is important to note that when classifying data packages, the panel did not assess performance data quality. Instead, the panel made a critical assumption that all protocols and methods were followed exactly as described, regardless of the presence or absence of QA/QC procedures and documentation (USEPA, 2011). Therefore, any use of the findings of the SAB panel should consider this lack of quality assessment.

For BWMS with reliable data, the panel evaluated the systems’ ability to meet the following four discharge standards: IMO D-2/USCG Phase 1, and 10x, 100x, and 1,000x more stringent than IMO D-2/USCG Phase 1. The panel found that all five BWMS categories were demonstrated to meet the IMO D-2/USCG Phase 1 standard when tested in accordance with IMO G8 standards. The panel also found that all five BWMS categories were likely to meet the IMO D-2/USCG Phase 1 standard when tested in accordance with the ETV Protocol (USEPA, 2010); however, performance was not demonstrated as the none of the BWMS had not undergone such testing. The panel found that none of the BWMS categories were demonstrated to achieve more stringent discharge standards due to insufficient resolution of the testing methods (USEPA, 2011). Detection limits for currently available test methods preclude a complete statistical assessment of whether BWMS can meet standards more stringent than IMO D-2/USCG Phase 1. Improved testing protocols would be required to develop more stringent discharge standards (USEPA, 2011).

In 2016, the EPA SAB reviewed the conclusions of the 2011 SAB report and confirmed that the findings and conclusions were supported by the data available at that time, and that the data did not support discharge limitations exceeding the 2013 VGP discharge limitations (USEPA, 2016).

California State Lands Commission (CSLC) Marine Invasive Species Program

The CSLC Marine Invasive Species Program has published biennial reports on their activities from 2003 through 2015 and has performed seven assessments on the efficacy of BWMS from 2007 through 2014. California regulations require the phasing in of more stringent performance standards compared to the USCG and BWM Convention. The CSLC assessment reports focused on the ability of technologies to achieve the more stringent California requirements (see Section 2.X for a description of the California requirements). While these reports provided analyses of BWMS performance, the quality of the data analyzed was not described, indicating that the commission did not assess performance data quality. Therefore, any use of the findings of the CSLC assessments should consider this lack of quality assessment. 

In their most recent assessment report, CSLC noted that their standards apply to ship discharges, not the type approval of BWMS, and highlighted the lack of data from shipboard performance. Due to these issues, CSLC stated that it was “not possible to determine if shipboard treatment systems are available to meet the California performance standards based solely on existing data” (CSLC, 2014).

Performance Data Quality Assessment

Performance data used for establishing ballast water discharge limitations must be of high quality. As discussed above, existing BWMS performance data reviews did not assess performance data quality. Therefore, EPA endeavored to conduct an independent review of BWMS performance and data quality. The performance review encompassed all data available over the past 10 years of BWMS approval testing. 

EPA developed a rating system to provide a subjective means for determining whether available performance data are of acceptable quality for inclusion in EPA’s BWMS performance review. The rating system considers the VGP requirements and the requirements of the USCG and BWM Convention for testing of BWMS. The basis for each of the scores in the rating system is described in Table 8‑1. EPA determined that only performance data with a quality rating system score of 5 are of sufficient quality for use in evaluating BWMS performance.





		[bookmark: _Ref495068899]Table 8‑1. BWMS Performance Data Quality Rating System



		Score

		Score Description



		5

		Documents contain complete project-specific Quality Assurance Project Plan (QAPP) with details (e.g., Standard Operating Procedures (SOPs) and quality management system) on sample analysis, sample collection protocol and details of specific sampling events, including dates, sample volumes, replicates, field duplicates, BWMS flow rates and any deviations from the sampling plan. Complete data sets are available, have been independently reviewed and approved, are consistent with QAPP and SOPs, and demonstrate unambiguous, statistically significant, consistent and reliable performance of BWMS. Data are of sufficient quality for EPA’s use in evaluating BWMS performance.



		4

		Documents reference QAPP but do not include the QAPP or no means for obtaining the QAPP. Information contains details on specific sample analysis, sample collection protocol and details of specific sampling events, including dates, sample volumes, replicates, field duplicates, BWMS flow rates and specifics about sampling event. Complete data sets are available and demonstrate consistent and reliable performance of BWMS. Data are not of sufficient quality for EPA’s use in evaluating BWMS performance.



		3

		Documents reference QAPP but do not include the QAPP, do not provide means for obtaining the QAPP, include a generic rather than project-specific QAPP, or provide only general quality assurance (QA) and quality control (QC) measures. Information is incomplete and contains details on most, but not all, of the following: specific sample analysis and sample collection protocol and details of specific sampling events, including dates, sample volumes, replicates, field duplicates, BWMS flow rates and specifics about sampling event. Data sets are available and demonstrate performance of BWMS. Data are not of sufficient quality for EPA’s use in evaluating BWMS performance.



		2

		Documents mention general QA/QC measures but does not include sufficient specific information on the sampling event (i.e., dates of specific sample collection, volumes, replicates). Only summary data sets are available to demonstrate performance of BWMSs. Data are not of sufficient quality for EPA’s use in evaluating BWMS performance.



		1

		Documents provide general description of means for collecting samples and analysis conducted, but does not mention any test specific QA/QC measures. Information is not specific to BWMS and appears repetitive of other reports from the same laboratory. Information includes summary data or single points of data, and does not contain complete information for dates specific samples were collected, sample volumes or replicates. Data are not of sufficient quality for EPA’s use in evaluating BWMS performance.



		0

		No description of QAPP, quality measures or details on samples collection and analysis methods. Only summaries or single points of data available. Data are not of sufficient quality for EPA’s use in evaluating BWMS performance.







AMS Performance Data Review

EPA obtained data packages for 55 BWMS submitted to the USCG for AMS acceptance. Performance testing for all 55 BWMS where all conducted in accordance with IMO G8 standards. EPA reviewed each of the data packages against the data quality criteria listed in Table 8‑1 to determine whether their performance data were of acceptable quality for inclusion in EPA’s BWMS performance review. EPA reviewed test reports from both land-based and shipboard testing, but focused on land-based testing to ensure specific test challenge conditions were achieved. EPA’s detailed performance data quality review and findings are documented in a memorandum titled AMS Data Quality Review (ERG, 2017), available in the VGP docket. 

Overall, performance data quality rating scores for each BWMS ranged from “0” to “3” with the median rating of “1”. Figure 8‑1 provides a breakdown of the performance score data. None of the data packages met EPA’s data quality criteria and therefore none of the AMS performance data were included in EPA’s BWMS performance review.	Comment by Debra Falatko: Note to EPA: this paragraph and figure may be revised, pending finalization of ERG, 2017.

Most USCG AMS acceptance submittals lacked information on test-specific Quality Management Plans (QMP) and QAPP as well as individual test results. Average data results were frequently submitted without specific sample dates or reporting of the individual data results. While the quality of data improved over time, many reports did not contain sufficient information on field replicate samples used for QA/QC measures or the actual BWMS flow rate at the time of sampling. None of these BWMS performance data packages met EPA’s threshold criteria for use in evaluating BWMS performance (i.e., quality rating system score of 5).



Source: ERG, 2017.

[bookmark: _Ref471906237]Figure 8‑1. Breakdown of AMS Acceptance Submittal Performance Data Scores

It is important to note that EPA’s AMS performance data quality assessment did not evaluate the actual performance of the tested BWMS. EPA determined such an assessment was inappropriate, as the quality of the data packages were insufficient to demonstrate that the represented performance could be consistently achieved under operational conditions onboard vessels. However, the MEPC and the American Bureau of Shipping (ABS) have recently conducted studies of BWMS performance (MEPC, 2015 and ABS, 2017).

An IMO report (MEPC, 2015) on the implementation of the G8 standards concluded that, due to divergent interpretation of G8, differences exist in how BWMS testing is carried out and how type approval is granted. Furthermore, a lack of publicly available documentation on processes and verification hinders transparency and confidence in the testing and approval regime. Based on data from 122 ships with BWMS, the study also found that BWMS appear to be irregularly operated and monitored, restricting the ability to evaluate overall BWMS performance. Reported technical and mechanical malfunctions included sensors/controls, piping/valve systems, and problems associated with filtration. Very few assessments of biological performance have been conducted to determine if BWMS are meeting the D-2 performance standards (MEPC, 2015).

ABS recently assessed the operational performance of BWMS onboard vessels (ABS, 2017). ABS conducted ballast water management workshops in Greece and the US for ship owners with BWMS installed onboard their vessels. Workshop participants completed questionnaires, providing information on installation, commissioning, crew training, in-operation experience, after sale service, and post operation experience and challenges. ABS’s analysis of questionnaires responses and other aggregated information on 220 BMWS found that 43 percent of systems were either inoperable (14 percent) or considered problematic (29 percent). Regarding the remaining 57 percent, 14 percent were reported as being regularly operated and subject to monitoring and/or efficacy testing, and 43 percent were operating but were not subject to monitoring or efficacy testing to date. Ship owners described both operational incidents (hardware failure, software failure, and data logging issues) and maintenance incidents (operation and maintenance manual issues, spare parts issues, and maintenance events). Recurring issues included:

· Hardware maintenance and maintaining appropriate spare parts.

· Software updates and malfunctions.

· Total residual oxidant (TRO) and oxygen sensor calibration (continuous recalibration of sensor that will not stay in calibration and calibration failure).

· Proper storage and handling of consumable chemicals, including TRO measurement reagents (managing shelf life and restocking schedules).

· Reduced UV lamp life (likely caused by cooling water interruptions and frequent start up and shut down reducing operating life).

· Filter clogging and cleaning in muddy/turbid waters (reduced ballast water throughput).

· Proper crew training on operational procedures and maintenance schedules for variety of BWMS operated on rotation.

· Insufficient vendor after-service networks and support (ABS, 2017). 

USCG Type Approval Performance Review

EPA contacted vendors whose BWMS have received USCG type approval certificates to request performance testing data. EPA did not request or independently review Test Reports and other performance testing documentation for performance and data quality. Instead, EPA relied upon the approval procedures at 40 CFR §162.060-10 as sufficient to ensure data quality. EPA determined that performance data developed in accordance with the procedures and requirements provided at 46 CFR part 162 represent a quality rating system score of 5 (see Table 8‑1) and therefore are of sufficient quality for use in evaluating BWMS performance. See Sections 8.1 and 2.X for additional discussion of the USCG type approval process.	Comment by Debra Falatko: Note to EPA: Section 2.X will discuss Mario’s concerns with the USCG type approval process.

To date, EPA has received performance test data from 2 vendors. Performance test data from Alfa Laval are summarized in Table 8‑2. These data show that the Alfa Laval’s PureBallast 3 BWMS achieved the 2013 VGP ballast water discharge limits (expressed as instantaneous maximum) in marine water, brackish water and freshwater. Concentrations of the regulated microbes in untreated ballast water are generally well below the discharge limits, which limits their utility for evaluating BWMS performance or as an indicator of compliance for other regulated biological/size categories; these results are consistent with findings of BWMS testing by test facilities around the world (Tamburri, 2017). 

Test data submitted by the second vendor included a claim of confidential business information and are not summarized in this report.
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		[bookmark: _Ref495327322]Table 8‑2. Alfa Laval PureBallast 3 Performance Test Data Summary





		Test

		≥50 µm (organisms/m3)

		≥10-<50 µm (organisms/mL)

		E. coli

(cfu/100 mL)

		Vibrio cholerae 

(cfu/100 mL)

		Enterococci 

(cfu/100 mL)



		

		Influent

		Discharge

		Influent

		Discharge

		Influent

		Discharge

		Influent

		Discharge

		Influent

		Discharge



		Land-Based Tests – Brackish Water



		Brackish Test 1

		227,313

		0.0

		1,780

		1.70

		12

		<10

		Absent

		Absent

		<10

		<10



		Brackish Test 2

		385,076

		1.0

		1,364

		1.60

		160

		<10

		Absent

		Absent

		26

		<10



		Brackish Test 3

		238,329

		1.0

		2,486

		0.11

		<10

		<10

		Absent

		Absent

		17

		<10



		Brackish Test 4

		337,933

		0.0

		1,044

		0.78

		<10

		<10

		Absent

		Absent

		<10

		<10



		Brackish Test 5

		337,933

		0.0

		1,044

		0.22

		<10

		<10

		Absent

		Absent

		<10

		<10



		Average

		305,317

		0.4

		1,544

		0.88

		86

		<10

		Absent

		Absent

		22

		<10



		Discharge Limit

		

		<10

		

		<10

		

		<250

		

		<1

		

		<100



		Land-Based Tests – Marine Water



		Marine Test 1

		262,903

		0.00

		3,264

		0.89

		<10

		<10

		Absent

		Absent

		17

		<10



		Marine Test 2

		214,325

		0.33

		2,956

		0.56

		26

		<10

		Absent

		Absent

		19

		<10



		Marine Test 3

		214,325

		0.00

		2,956

		0.33

		26

		<10

		Absent

		Absent

		19

		<10



		Marine Test 4

		314,435

		2.70

		1,078

		3.70

		213

		<10

		Absent

		Absent

		104

		<10



		Marine Test 5

		314,435

		1.30

		1,078

		2.20

		213

		<10

		Absent

		Absent

		104

		<10



		Average

		264,085

		0.87

		2,266

		1.54

		120

		<10

		Absent

		Absent

		53

		<10



		Discharge Limit

		

		<10

		

		<10

		

		<250

		

		<1

		

		<100



		Land-Based Tests – Freshwater



		Freshwater 1

		632,347

		0.00

		1,779

		3.90

		6

		<1.0

		Absent

		Absent

		3

		<1.0



		Freshwater 1

		555,446

		0.33

		3,012

		0.44

		62

		<1.0

		Absent

		Absent

		183

		<1.0



		Freshwater 1

		555,446

		0.00

		3,012

		0.89

		62

		<1.0

		Absent

		Absent

		183

		<1.0



		Freshwater 1

		425,060

		0.00

		2,244

		0.67

		387

		<1.0

		Absent

		Absent

		155

		<1.0



		Freshwater 1

		425,060

		1.00

		2,244

		0.67

		387

		<1.0

		Absent

		Absent

		155

		<1.0



		Average

		518,672

		0.27

		2,458

		1.31

		181

		<1.0

		Absent

		Absent

		136

		<1.0



		Discharge Limit

		

		<10

		

		<10

		

		<250

		

		<1

		

		<100



		Shipboard Tests



		Shipboard 1

		8,490

		0.0

		1,102

		2.8

		<10

		11

		Absent

		Absent

		<10

		<10



		Shipboard 2

		2,100

		0.0

		787

		0.8

		<10

		<10

		Absent

		Absent

		<10

		<10



		Shipboard 3

		23,603

		1.9

		103

		0.7

		14

		<10

		Absent

		Absent

		<10

		<10



		Shipboard 4

		10,665

		7.0

		175

		6.4

		69

		<10

		Absent

		Absent

		32

		<10



		Shipboard 5

		20,272

		4.6

		128

		0.2

		<10

		<10

		Absent

		Absent

		<10

		<10



		Average

		13,026

		3

		459

		2

		42

		11

		Absent

		Absent

		32

		<10



		Discharge Limit

		

		<10

		

		<10

		

		<250

		

		<1

		

		<100





Source: Alfa Laval, 2017.
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ADDITIONAL Ballast Water MANAGEMENT Alternatives

Introduction

This section addresses several additional ballast water management (BWM) alternatives that have not been discussed in previous sections of the TDD. These alternatives include zero discharge of ballast water, ballasting with municipal potable water, and ballasting with water from on-board potable water generators. This section also addresses BWM practices applicable to small vessels.

Zero Discharge

According to the 2013 VGP (USEPA, 2013a), vessels may meet the ballast water discharge requirements at Part 2.2.3.5 of the permit by not discharging any ballast water into waters subject to this permit. Vessel owner/operators may consider numerous zero discharge alternatives to using a ballast water management system (BWMS)[footnoteRef:1] to meet numeric ballast water discharge limitations. Off-vessel ballast water treatment, discussed in Section 11, is one zero discharge alternative. Another alternative is to hold ballast water onboard until the vessel leaves U.S. waters subject to the VGP; for example, traveling offshore to discharge. Permanent ballast, either fixed solid or internally-transferrable liquid, is another zero discharge alternative that may be appropriate for certain vessels. Finally, future vessel designs have been proposed that use flow-thru ballast tanks that do not hold or transport ballast water. [1:  The VGP references ballast water treatment system (BWTS), but the USCG and the international community have determined to use the uniform terminology of BWMS to alleviate any confusion.] 


Holding Ballast Water

Holding ballast water until the vessel leaves U.S. waters subject to the VGP is a zero discharge alternative. Vessels such as passenger ships and container ships, which do not experience rapid changes in weight during loading or unloading, do not demand immediate ballast water discharge or uptake. These vessels also provide opportunities for innovative designs and operational practices that can eliminate ballast water discharges in port. These vessels may have numerous ballast tanks onboard with internal piping which connects those tanks. Hence, they can internally shift ballast water between tanks as needed to adjust the trim and stability of the vessel. Container ships can also sometimes balance operations between loaded cargo and discharged cargo. Even when not balanced, the weight differential may often be within the margins of the vessel trim and stability requirements. Trim corrections are accounted for by shifting ballast water between tanks. Unfortunately, this option is not available for vessels that carry cargo in bulk, such as oil tankers or dry bulk carriers. These vessels rapidly load and off-load bulk cargo and part of the weight of the loaded or unloaded bulk cargo must be replaced with ballast water to maintain stability while in port.

It is common for large and medium cruise ships and ferries, and possibly other large ocean-going vessels, to store wastewater and especially graywater in ballast tanks. Accordingly, ballast water tanks have evolved to be used for multiple purposes, particularly as additional restrictions on near-shore graywater discharges have come into force[footnoteRef:2]. On most itineraries, large cruise ships sail outside of waters subject to the VGP on a daily basis and are able to store wastewater in designated tanks and discharge outside of permit waters in compliance with regulatory requirements. Some itineraries, however, have multiple and consecutive days in permit waters and require additional storage capacity. The practice of designating a ballast tank for wastewater storage has increased significantly as more jurisdictions place restrictions on cruise ship discharges, often regardless of the level of treatment, thus requiring ships to find additional storage capacity on board. This practice also creates the potential for cross-contamination as the contents of ballast tanks change. Gray water can have high levels of fecal coliform bacteria (ADEC, 2001), and gray water from commercial vessels has the potential to be as environmentally damaging to surface waters as untreated domestic sewage discharged in similar quantities (USEPA, 2011). This issue is further complicated when considering that ballast and/or graywater tanks, even if designated and segregated for the remaining life of the vessel, may employ common pipes, pumps and valves for internal transfers and discharges. Vessel owner/operators are expected to take necessary precautions to ensure that samples collected of ballast water are representative of ballast water discharges and not indications of contamination from other sources (e.g., common ancillary equipment including pipes, pumps, etc.). [2:  For example, a memorandum of understanding (MOU) prohibits discharges of both blackwater and graywater to Washington state waters from all cruise ships except discharges treated with advanced wastewater treatment systems (AWTS) and when stringent requirements are met (http://www.ecy.wa.gov/programs/wq/wastewater/cruise_mou/) . Other states including Florida (http://www.dep.state.fl.us/legal/Operating_Agreement/agreements/Cruise%20Line/cruiselineMOU12-06-01.pdf), Maine (http://legislature.maine.gov/statutes/38/title38sec423-D.html) and Oregon (http://www.oregon.gov/OSMB/forms-library/Documents/MarineSanitationFactSheet.pdf) have also prohibited or restricted graywater discharges from cruise ships.] 


In recent years, some cruise ships have been designed to be effectively ballast-free. One such example is the 1,186-foot, 5,400-passenger Oasis of the Seas, which has demonstrated the ability to maintain more than sufficient stability, trim, and freeboard without resorting to discharging ballast when conducting fuel or potable water bunkering (Royal Caribbean, 2009).

Permanent (Fixed or Internally Transferred) Ballast

Certain vessels with limited ballast requirements may use permanent fixed (solid) or internally transferred (liquid) ballast to provide stability, trim or draft control. Various forms of fixed ballast material have been used successfully in the past, including heavy solids such as concrete and iron, liquids such as drilling mud, and iron ore concentrates (USCG, 1982). A return to this historic approach of using solid ballast may not be feasible or cost effective for most vessels in the modern merchant fleet.

Specific design and installation considerations are necessary when employing fixed ballast (USCG, 1982):

Ballast materials must be secured to prevent shifting;



Longitudinal strength must be sufficient to accommodate the concentrated weight;



Corrosion in ballast compartments must be properly monitored and minimized;



Some types of ballast settle as the moisture content is reduced; and



Other types of fixed ballast (e.g., drilling mud) require venting and chemical treatment to prevent gas accumulation.



"Perma Ballast", an iron ore based fixed ballast, was recommended for use aboard U.S. Navy Nimitz Class aircraft carriers (Wolfson, 2004). These vessels possess an inherent, unacceptable list to starboard that their list control systems (LCS) are typically unable to correct while under Combat Load Conditions (loaded with full air-wing and full fuel). Achieving trim by using fresh water ballast in a number of inner bottom voids and damage control voids to augment the LCS was found to be unacceptable, because it reduced the counter flooding capability and survivability of the ship (Wolfson, 2004). To restore the ships’ operational flexibility and achieve the necessary/desired list correction, Wolfson (2004) determined that adding solid fixed ballast to a series of voids/tanks identified on three of the vessel decks would be an effective and economical solution.

Fresh water can also be used as permanent ballast on some vessel types. Some tugboats, for example, use water as permanent ballast that is never discharged (AWO, 2009). As previously noted, some cruise ships and container ships can internally transfer ballast water between tanks to control trim and provide stability.

Future Vessel Designs: Flow-Thru Ballast Tanks

Various alternatives to the use of conventional BWMS have been proposed and studied since the 2004 IMO Ballast Water Management Convention. These emerging alternatives include concepts and designs for ballastless or ballast-free ships and ballast-through or flow-through ships.

Research suggests that ballast-free ships are possible in the future. Rather than increasing the weight of vessels by adding water to the ballast tanks, these new designs use reduced buoyancy to achieve and maintain safe operating drafts in a no-cargo condition. For example, the Variable Buoyancy Ship design (Kotinis et al., 2004; Parsons, 2010) achieves this by having structural tanks of sufficient volume that extend most of the length of the ship below the “ballast waterline” and then opening these tanks to the sea in the no-cargo condition. When the ship is at speed, the natural pressure difference between the bow and the stern induces flow through the open tanks, resulting in only local water (and associated organisms) within the tanks at any point during the voyage. Parsons and Kotinis (2011) studied the design of a ballast-free bulk carrier and found that, in addition to essentially eliminating all risk of the transport of ANS, the ballast-free ship concept would also provide a modest cost savings ($0.50/ton) for a Seaway-sized bulk carrier.

While showing promise, and worthy of further consideration, ballast-free ship designs appear feasible only for new vessels being built in the future (USEPA SAB, 2011). If surfaces in open flow-through spaces are more accessible and hospitable to living organisms than traditional ballast tank surfaces (which are rarely fouled by animals and plants larger than microbes and bacteria), such designs may result in an overall increase in vessel biofouling (another significant source of ANS).

Using a similar principle of only local water being onboard a vessel at any one time, other sorts of flow-through ballast systems have also been proposed. These approaches would likely require modifying existing ballast systems to actively and continuously pump water in and out of the ballast tanks throughout voyages, resulting in complete tank turnover in an hour or two.

Ballasting with Municipal Potable Water

Vessels may meet the ballast water discharge requirements at Part 2.2.3.5 of the VGP by using only potable water from a U.S. public water system or Canadian drinking water system (both referred to as a Public Water Supply (PWS)) as ballast water. As discussed in Section 11, drinking water treatment processes should be highly effective in removing ANS for water supplies. Although potable water is used as ballast aboard some small vessels (e.g., some tug and towboats as discussed in Section 12.5 below), the use of potable water as ballast for large cargo-carrying vessels (such as Lakers) has also been suggested.

The Hull (2017) study of onshore ballast water treatment for the Lake Carrier’s Association (LCA) evaluated the potential cost and general feasibility of supplying potable water as ballast to U.S. Lakers. Hull (2017) found many practical and logistical issues that would be faced in designing, constructing and operating facilities to load potable water as ballast. The issues were examined in case studies at three representative Great Lakes ports: Toledo, OH; Gary, IN; and Conneaut, OH. In each port, Hull (2017) developed conceptual designs and preliminary cost estimates to deliver potable water to Lakers at each dock (on a 24/7 basis) as they unloaded cargo (Table 12.1). The shore-side infrastructure required to supply potable water as ballast to Lakers would include cranes and hoses at each dock, equalization tanks, and dechlorination treatment facilities. At the Port of Toledo, the existing PWS was determined to have available capacity to supply Lakers with potable water as a ballast water supply. At Gary, the municipal water system is privately owned and operated. Although two existing water treatment plants have sufficient capacity, a new trunk line would be required to deliver water to the port. At the Port of Conneaut, the small existing PWS would be unable to provide an adequate supply of potable water to the shipping industry. At this small port town, it would be necessary to build a new, dedicated ballast water supply plant to service the port. Table 12‑1 shows the estimated unit cost to supply potable water to Lakers at these three locations.

[bookmark: _Ref491345408]Table 12‑1. Cost Estimates for Supplying Potable Water as Ballast Water for U.S. Lakers

		Port

		Conceptual

Design Basis

		Treatment Flow Rate (m3/hr)

		Unit Cost of Treatment ($2017/m3)



		Toledo, OH

		Municipal Supply

		2,570

		4.08



		Gary, IN

		Municipal Supply, New Water Supply Trunk Line

		4,680

		1.38



		Conneaut, OH

		New Potable Water Supply Plant

		3,900

		2.45





Source: Hull, 2017.



Hull (2017) also estimated the costs of supplying potable water as ballast in 65 ports of call for U.S. Lakers by escalating the costs developed in the three representative ports. Hull (2017) estimated the total capital cost for all ports of call requiring potable water supplies to be $5.5 billion ($2017), with annual O&M cost of $270 million ($2017).

To avoid contaminating ballast water tanks, vessels using PWS water in any given tank as ballast must have previously cleaned the ballast tank (including removing all residual sediments) and not subsequently introduced ambient water, or never introduced ambient water, to the tank and supply lines. As specified at Part 2.2.3.5.1.3 of the VGP, in the event a vessel that normally uses PWS water as ballast is forced for purposes of vessel safety to take on untreated ballast water from a sea, estuary, lake or river source, such vessel may not return to using PWS water until the tanks and supply lines have been cleaned, including removal of all residual sediments.

Ballasting with Water from an On-board Potable Water Generator

Many vessels are equipped with onboard PWG systems to generate potable water while the vessels are operating offshore. Using water generated by a PWG as ballast has been suggested as a possible BWM approach aboard small vessels or non-cargo-carrying vessels with modest ballast requirements (MEPC, 2009; Albert et al. 2017). Based on EPA’s analysis of ballasting rates versus PWG water production rates (USEPA, 2015), most vessel ballast rates are at least one to two orders of magnitude greater than PWG capacities. Hence, PWGs are impractical for vessels requiring rapid, high-volume changes in displacement (e.g., from tens to hundreds, or even thousands of m3/hr). Such requirements are typical during cargo loading/unloading operations on many larger vessel types (e.g., tankers, bulk carriers). However, vessels with reduced ballast requirements may not fully load or discharge ballast during cargo operations, or they may take on ballast solely to compensate for the destabilizing effect fuel consumption imparts on vessel stability and trim. These primarily smaller vessel types could use PWGs to generate sufficient onboard ballast water to maintain draft or trim and/or to compensate for fuel burn. See Section 12.5 for further discussion of the feasibility of using PWGs to satisfy ballasting requirements for small vessels.

Use of a PWG to manage ballast water could be allowed under domestic and international regulations, provided those systems are type approved consistent with the IMO G-8 guidelines and/or U.S. Coast Guard type approval testing standards, as applicable (MEPC, 2009). It is likely that PWGs should be capable of meeting performance requirements for type approval, although to date no PWGs have been type approved and performance data for organism removal efficacy by PWGs is limited (vendors' technical specifications typically do not consider microorganism removal). 

[bookmark: _Ref491351158]Small Vessel BWM

The permit requirements of the 2013 VGP (USEPA, 2013a) are generally targeted to vessels that are at least 79 feet in length. Inland or seagoing vessels smaller than 1,600 gross registered tons (GRT) (3,000 gross tons (GT)) are not required to meet the numeric ballast water effluent limitation of the 2013 VGP, because at the time EPA reissued the permit, the Agency believed that no existing BWMS were widely available for these smaller vessels. These small vessels (e.g., fishing vessels; small passenger vessels; tug, tow and push boats; offshore supply boats; and research vessels) may not use or discharge ballast water at all, or may have ballast capacities of only a few cubic meters (Madaeni, 1999). 

Small vessels are not typically equipped to handle full ballast loads/discharges on a regular basis. Instead, smaller vessels must transfer onboard ballast between internal tanks or, as needed, incrementally load or discharge ballast to compensate for continuous changes in vessel loads (e.g., sewage generation or fuel consumption) (King and Hagan, 2013). Given these differences, BWM practices on large vessels may not translate to smaller vessels (Albert et al, 2017). EPA encourages vessels in this size class to use alternate measures to reduce the number of living organisms in their ballast water discharges, including use of those measures found in Part 2.2.3.5 of the permit, and the use of onboard potable water generators (PWGs) to generate ballast.

With respect to BWM options for smaller vessels, EPA reviewed ballasting operations of several types of vessels, including commercial fishing vessels, passenger vessels, tug/tow/push boats and offshore supply vessels. Table 12-2 presents summary statistics for certified annual reports (2015) in the 2013 VGP database. Eighty-six percent of commercial fishing vessels less than 3,000 GT  have ballast tanks, with ballast capacities between 12 and 521 m3 (average=156 m3, median=119 m3); 50% of commercial fishing vessels less than 1,600 GRT have ballast tanks, with capacities between 13 and 9,308 m3 (average=371 m3, median=126 m3). Of those commercial fishing vessels with ballast tanks, 58% (<3,000 GT) and 51% (<1,600 GRT) reported ballast discharges.

Based on certified 2015 annual reports in the 2013 VGP database 37% of passenger vessels less than 3,000 GT have ballast tanks, with ballast capacities between 4 and 1,627 m3 (average=159 m3, median=119 m3); 32% of passenger vessels less than 1,600 GRT have ballast tanks, with capacities between 1 and 38,215 m3 (average=1,114 m3, median=97 m3). Of those passenger vessels with ballast tanks, 33% (<3,000 GT) and 15% (<1,600 GRT) reported ballast discharges.

Virtually all tug, tow and push boats are less than 1,600 GRT (3,000 GT). A small harbor tug might have a ballast capacity of 8 to 11 m3, a typical inland towboat can carry 76 to 151 m3 of ballast water, and a coastal tugboat can have a ballast water capacity of 76 to 265 m3 (US EPA, 2013b). Some tug and tow boats use permanent ballast that is never discharged. For other tugboats and towboats, however, the ability to take on and discharge ballast water is necessary to their safe operation. Such vessels rely on the intake and discharge of ballast water to provide proper stability and trim, aid maneuvering, reduce vessel motions of roll and pitch, and perform cargo operations (USEPA, 2013b). Based on certified 2015 annual reports in the 2013 VGP database 43% of tug/tow/push boats less than 3,000 GT have ballast tanks, with ballast capacities between 7 and 1,612 m3 (average=165 m3, median=147 m3); 71% of tug/tow/push boats less than 1,600 GRT have ballast tanks, with capacities between 3 and 34,834 m3 (average=154 m3, median=62 m3). Of those tug/tow/push boats with ballast tanks, 25% (<3,000 GT) and 26% (<1,600 GRT) reported ballast discharges.
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Based on comments received on the VGP, some (percentage unknown) tug and tow boats use PWS water as ballast (USEPA, 2013b). However, it does not appear to be feasible for all tug and tow boats to use PWS water, based on availability of that water (it is only available at certain dockside locations) and well as the lack of both shore-side and shipboard infrastructure for loading PWS water to these vessels (US EPA, 2013b). Additionally, operational necessities make using PWS water infeasible for some vessels. For example, many tugs take on ballast while underway to compensate for fuel burned during a voyage, then discharge the ballast water when refueling (USEPA, 2013b).
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Table 12‑2. Summary Statistics for Small Vessels

		Small Vessel Category

		Vessel Size

		Number of Vessels

		Percentage with Ballast Tanks

		Of those Vessels with Ballast Tanks:



		

		

		

		

		Average BW Capacity (m3)

		Median BW Capacity (m3)

		Minimum BW Capacity (m3)

		Maximum BW Capacity (m3)

		Percentage with BW Discharge



		All

		<3,000 GT

		15,178

		20

		        1,709

		615

		2

		      2,048,730

		10



		

		<1,600 GRT

		10,179

		29

		345

		166

		1

		53,431

		9



		Fishing

		<3,000 GT

		22

		86

		156

		119

		12

		521

		58



		

		<1,600 GRT

		90

		50

		371

		126

		13

		9,308

		51



		Passenger

		<3,000 GT

		115

		37

		159

		119

		4

		1,627

		33



		

		<1,600 GRT

		106

		32

		1,114

		97

		1

		38,215

		15



		Tug/Tow/Push

		<3,000 GT

		748

		43

		165

		147

		7

		1,612

		25



		

		<1,600 GRT

		991

		71

		154

		62

		3

		34,834

		26



		Offshore Supply

		<3,000 GT

		202

		84

		2,108

		492

		3

		295,000

		37



		

		<1,600 GRT

		142

		80

		384

		264

		3

		5,064

		19





Source: Certified VGP annual reports in 2015.



The physical and operational attributes of tug, tow and push boats may limit the suitability or effectiveness of BWMS that are designed for larger vessels. For example, according to commenters to the 2013 VGP, towing vessels have very low ballasting rates compared to other classes of commercial vessels, usually ranging 5 to 55 m3/hr (USEPA, 2013b). In addition, there is very little space available on these vessels for installing a BWMS. Many towing vessels are less than 125 feet long, with small engine rooms averaging between 84 and 120 m2 in area. In a towing vessel engine room, there is virtually no space that is not already dedicated to machinery or walkways. According to these commenters, keeping these areas clear and leaving enough room for engineers to maintain the existing equipment is critical to the safe operation of the vessel.

Based on a review of certified 2015 annual reports in the 2013 VGP database, 84% of offshore supply boats less than 3,000 GT have ballast tanks, with ballast capacities between 3 and 295,000 m3 (average=2,108 m3, median=492 m3); 80% of offshore supply boats less than 1,600 GRT have ballast tanks, with capacities between 3 and 5,064 m3 (average=384 m3, median=264 m3). Of those offshore supply boats with ballast tanks, 37% (<3,000 GT) and 19% (<1,600 GRT) reported ballast discharges. Based on comments received on the 2013 VGP and the docket for the 2012 Coast Guard rulemaking, it appears that the vast majority of offshore workboats use municipal potable water as their primary or sole source of ballast, although the exact percentage is unknown (USEPA, 2013b).

BWMS for Smaller Vessels

[bookmark: _GoBack]As noted above, BWM practices on smaller vessels are unique from those on larger vessels. Not only are the ballast volumes and rates comparatively small, but smaller vessels are also constrained in terms of the physical space and electrical power that would be required to accommodate a BWMS. In addition, certain small vessel operating conditions impact the applicability and efficacy of BWMS technologies. For example, ballast holding time on smaller vessels is relatively short due to short vessel routes; smaller vessels may be more likely to operate in “brown water conditions” with relatively high suspended sediment concentrations; and some smaller vessels (e.g., research vessels) may operate in very cold climates (ERG, 2012). All of these factors pose challenges for BWMS on smaller vessels.

Because this segment of the shipping fleet represents only a small percentage of global tonnage, it is considered a minor market in the eyes of technology developers (Glosten Associates, 2011). An unintended consequence is that smaller vessels have limited options for treating ballast water since few treatment systems are designed specifically for their needs.

Although the current market of BWMS is generally designed for vessels with substantial pumping rates (i.e., > 200 m3/hr), smaller capacity (as low as 15-30 m3/hr) BWMS are available from several manufacturers (see Section 7 for a survey of type approved ballast water UV disinfection treatment units currently on the market). These smaller capacity BWMS are based on filtration/UV treatment technology, are relatively compact (e.g., 1.5 m2 footprint) and light (735-800 kg), and have fairly modest electrical power requirements (8-20 kW) (Glosten Associates, 2011). In 2012, the National Park Service installed such a small-capacity BWMS on the 165 ft. M/V Ranger III, a passenger ferry providing service to Isle Royale National Park in Lake Superior. The Ranger displaces 650 gross tons, has a ballast capacity of 140 m3 and requires a BWMS with a treatment rate of 41 m3/hr. The selection of a BWMS was based on IMO type approval, the ability to operate in the fresh water and cold conditions of the lake, as well as a number of technical and ship specific details. UV-based disinfection was found most suitable because the short route between the mainland and Isle Royale would provide insufficient treatment holding time for many biocides. The installed capital cost for this BWMS was estimated to be $304,000, with an annual O&M cost of $3,244 per year (Glosten Associates, 2011).

On-Board Potable Water Generation

Based on EPA’s analysis of ballasting rates versus PWG water production rates (USEPA, 2015), PWGs may be sufficient to satisfy ballast requirements for small vessels for fuel consumption. Onboard potable water generation requires both purification of the water source and subsequent disinfection to remove harmful microorganisms to ensure the water is safe for human consumption. As a result, the PWGs considered by EPA as an option for generating ballast water consist of two primary subsystems: the PWG itself and the disinfection system. Together, these two subsystems would generate potable water that would be supplied directly to vessel ballast or potable water storage tanks.

PWG systems generate potable water using either vacuum distillation or reverse osmosis, whereby fresh or salt water is purified to levels that are adequate for human consumption, and then disinfected prior to its use as potable water to remove harmful microorganisms.

Vacuum distillation systems use heat and low pressure to purify fresh or sea water. The heat source used for this process is derived from waste heat produced by the vessel’s main engine. This waste heat is delivered to the distiller through the main engine’s cooling water and has a typical temperature of about 65°C. Because the distiller operates under vacuum, the boiling point of the water is reduced to less than 45°C and is subsequently flashed by the waste heat from engine coolant. In this manner, approximately half of the seawater fed into the distiller is converted into distilled water (McGeorge, 1995).

Reverse osmosis (RO) systems use semi-permeable membranes to physically separate dissolved solids from water. A pump continually forces feedwater (i.e., fresh or salt water) against the semi-permeable membrane, where water is able to pass through the membrane’s pores. Dissolved salts present in the water are too large to pass through the pores and are thus unable to pass through the membrane. Over time, the supply side of the RO system becomes saturated with dissolved solids and must be disposed of as a brine discharge to return the RO system to normal operating conditions (McGeorge, 1995).

Water generated on board through vacuum distillation or RO systems generally requires disinfection to make it fit for human consumption. Chlorinators, brominators, and electro-katadyn systems are installed to disinfect water shortly after it is generated and before it is sent to the potable water storage tank(s). UV sterilizers, on the other hand, are installed downstream of the storage tank (McGeorge, 1995).

EPA investigated the PWG systems offered by vendors in 2012 (USEPA, 2015) and found units that generated potable water at rates ranging from <2 to 90 m3/hr. The majority of PWG systems produce water at rates of 7 m3/hr or less. The dimensions of PWG systems increase with their overall production capacity, from a volume of 0.07 m3 for a 0.06 m3/hr system to 1 m3 for a 33 m3/hr system. Distillation systems appear to be heavier than RO systems. For example, 2- to 5-m3/hr distillation system weighs 910-8,200 kg, while similarly rated RO systems weighs only 610 to 4,600 kg.

The two PWG technologies can also be distinguished in terms of their power requirements. As mentioned previously, distillation systems must recover heat from vessel engines. These systems also use electrical power, but only to the extent needed to run ancillary distillation equipment. Heat input requirements for the distillation systems range from 75,000 to 7,165,000 British thermal units per hour (BTU/hr), depending on treatment flow rate, while electrical requirements range from 0.6 to 1.6 kilowatts (kW). RO systems, on the other hand, rely solely on electricity and therefore have significantly greater electrical power requirements than their distillation-based counterparts. Comparing 2- to 5-m3/hr systems, distillation-based PWGs consume 1.6 kW while similarly rated RO systems consume 15.3 to 40 kW.

The total capital cost for RO-based PWGs ranges from $43,000 ($2017) for a 0.2 m3/hr capacity system to $655,000 ($2017) for a 7 m3/hr capacity system. Total capital costs for distillation-based PWGs range from $171,000 ($2017) for a 0.4 m3/hr system to $391,000 ($2017) for a 1 m3/hr system. Worst case O&M costs (assuming continuous, non-stop operation over the course of a year) for 0.2 to 7 m3/hr PWGs range from $2000 to $26,000 ($2017) per year (USEPA, 2015).

The total capital cost for disinfection systems ranges from $5,000 to $52,000 ($2017), depending upon technology (i.e., bromination, chlorination, electro-katadyn, and UV disinfection) and system capacity. Chlorination systems are the least expensive in terms of capital cost. Total O&M costs for disinfection range from $20,000 to $190,000 ($2017) per year, again depending upon technology and system capacity, with the exception of UV disinfection, which is much less expensive ($220-$270 ($2017) per year) (USEPA, 2015).

PWG Proof of Concept

Albert et al (2017) evaluated onboard PWGs as a BWM alternative, including their ability to satisfy vessel ballasting requirements, feasibility of installation, and ability to meet numeric discharge limits. Ballast rate requirements on a vessel range widely, from the minimum ballast rate required to compensate for fuel consumption (i.e., continuous ballasting) to the maximum ballast rate equal to the rated capacity of the ballast pump (i.e., intermittent ballasting associated with cargo loading/unloading). For fuel consumption rates ranging from 70 to 4100 kg/hr, the water ballast equivalent necessary to maintain constant vessel weight is 0.07 to 4 m3/hr. This is significantly lower than vessels' corresponding ballast rates for cargo loading and unloading, but well within the 0.25 to 7 m3/hr range that most PWGs can accommodate. This suggests PWG use may be best suited for “low flow” ballast loading and discharge, such as when compensating for fuel consumption.

Albert et al. (2017) also evaluated PWG feasibility in terms of available space for machinery and accessibility during maintenance, piping considerations, costs (capital and O&M), and impacts on vessel stability and energy usage. The evaluation demonstrated the feasibility of PWG installation and maintenance onboard actual vessels, including a research vessel, an inland river towboat, and a fisheries survey vessel. The impact on vessel stability and trim would be negligible, as would the increased power demand placed on the vessel’s electrical system. Although the case study vessels demonstrated the architectural feasibility of installing PWGs onboard these vessels, these conclusions could not be extended directly to other types of vessels, such as fishing vessels and OSVs.

The ability of a PWG to remove living organisms to below regulated levels was tested using a RO purification/chlorine disinfection PWG, suitable for use in fresh, brackish or marine waters, that produced potable water at 3 m3/hr. Land-based testing was conducted by the Maritime Environmental Resource Center using methodologies generally consistent with EPA's 2010 Environmental Technology Verification (ETV) Generic Protocol for the Verification of Ballast Water Treatment Technology (USEPA, 2010). The test results demonstrated that the PWG was capable of meeting current numeric discharge limits for living organisms in all size classes. While these results are promising for a proof of concept evaluation, additional research is required to fully understand performance under real-world shipboard operating conditions (e.g., potential biological contamination and/or regrowth and mechanical performance under this application). Although the evaluation demonstrated the capability of PWGs to meet numeric discharge limits, subsequent contamination downstream of the PWG could cause vessel discharges to exceed those limits. Vessels using PWGs with chlorine disinfection would need to monitor total residual chlorine (TRC) concentrations in their ballast tanks and adjust chlorine dosing accordingly to ensure compliance with the limit when deballasting, or apply a neutralizing agent. Vessels using PWGs with UV disinfection could need to disinfect water during uptake as well as prior to discharge, to address organism regrowth in the ballast tank.
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